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MSI/LSI FUNCTIONS 
FUNCTIONAL INDEX/SELECTION GUIDE 


The following pages contain functional indexes and selection guides designed to simplify the choice of a particular 
function to fit a specific application. Essential characteristics of similar or like functions are grouped for comparative 
analysis, and the electrical specifications are referenced by page number. The following categories of functions are 
covered: 


Page 


Adders 7-4 

Accumulators, arithmetic logic units, look-ahead carry generators 7-4 

Multipliers 7-4 

Comparators 7-4 

Parity generators/checkers 7-5 

Other arithmetic operators 7-5 

Quad.hex, and octal flip-flops 7-5 

Register files 7-5 

Shift registers 7-5 

Other registers 7-6 

Latches 7-7 

Clock generator circuits 7-7 

Code converters 7-7 

Priority encoders/registers 7-8 

Data selectors/multiplexers 7-8 

Decoders/'demuitipiexers 7-9 

Open-collector display decoders/d rivers with counters/latches 7-9 

Open-collector display decoders/drivers 7-10 

Bus transceivers and drivers 7-1 1 

Asynchronous counters (ripple clock)— negative-edge triggered 7-11 

Synchronous counters— Positive-edge triggered 7-12 

Bipolar bit-slice processor elements 7-12 

First-in first-out memories (FIFO's) 7-12 

Random-access read/write memories (RAM's) 7-13 

Read-only memories (ROM's) 7-13 

Programmable-read-only memories (PROM's) 7. 14 

Microprocessor controllers and support functions 7-14 
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MSI/LSI FUNCTIONS 

FUNCTIONAL INDEX/SELECTION GUIDE 


ADDERS 


DESCRIPTION 

TYPICAL 

CARRY 

TYPICAL 

ADD 

TYP POWER 

DISSIPATION 

DEVICE TYPE 

AND PACKAGE 


PAGE 

NO. 

_ 

TIME 

TIME 

PER BIT 

-55° C to 125°C 

0°C to 70° C 

SINGLE 1-BIT GATED FULL ADDERS 

10.5 ns 

52 ns 

105 mW 

SN5480 

J, W 

SN7480 

J, N 

7-41 

SINGLE 2-BIT FULL ADDERS 

14.5 ns 

25 ns 

87 mW 

SN5482 

J, W 

SN7482 

J, N 

7-49 


10 ns 

15 ns 

24 mW 

SN54LS83A 

J, W 

SN74LS83A 

J, N 

7-53 


10 ns 

15 ns 

24 mW 

SN54LS283 

J, W 

SN74LS283 

J, N 

7-415 

SINGLE 4-BIT FULL ADDERS 

11 ns 

7 ns 

124 mW 

SN54S283 

J 

SN74S283 

J, N 

7-415 


10 ns 

16 ns 

76 mW 

SN5483A 

J, W 

SN7483A 

J, N 

7-53 


10 ns 

16 ns 

76 mW 

SN54283 

J, W 

SN74283 

J, N 

7-415 

DUAL 1-BIT CARRY-SAVE FULL ADDERS 

1 1 ns 

1 1 ns 

110 mW 

SN54H183 

J, W 

SN74H183 

J, N 

7-287 

1 5 ns 

1 5 ns 

23 mW 

SN54LS183* 

J, W 

SN74LS183 

J, N 

7-287 


ACCUMULATORS, ARITHMETIC LOGIC UNITS, LOOK-AHEAD CARRY GENERATORS 



TYPICAL 

TYPICAL 

TYP TOTAL 


DEVICE TYPE 


PAGE 

NO. 

DESCRIPTION 

CARRY 

ADD 

POWER 

AND PACKAGE 



TIME 

TIME 

DISSIPATION 

— 55°C to 125°C 

0° C to 70° C 

4-BIT PARALLEL 

BINARY ACCUMULATORS 

10 ns 

20 ns 

720 mW 

SN54S281 

J, W 

SN74S281 

J, N 

7-410 


11 ns 

20 ns 

525 mW 



SN74S381 

N 

7-484 

4-BIT ARITHMETIC LOGIC UNITS/ 

7 ns 

1 1 ns 

600 mW 

SN54S181 

J, W 

SN74S181 

J, N 

7-271 

FUNCTION GENERATORS 

12.5 ns 

24 ns 

455 mW 

SN54181 

J. w 

SN74181 

J, N 

7-271 


16 ns 

24 ns 

102 mW 

SN54LS181 

J.W 

SN74LS181 

J. N 

7-271 

LOOK-AHEAD CARRY GENERATORS 



7 ns 

13 ns 


260 mW 

180 mW 

SN54S182 

SN54182 

J, w 

J.W 

SN74S182 

SN74182 

J, N 

J. N 

7-282 



MULTIPLIERS 


DESCRIPTION 

DEVICE TYPE AND PACKAGE 

PAGE 

NO. 

— 55°C to 125°C 

0°C to 70° C 

2-BIT-BY-4-BIT PARALLEL BINARY MULTIPLIERS 

SN54LS261 

J.W 

SN74LS261 

J, N 

7-380 

4-BIT-BY-4-BIT PARALLEL BINARY MULTIPLIERS 

SN54284, SN54285 
SN54S274 

J, W 

J 

SN74284, SN74285 

SN74S274 

J, N 
J. N 

7-420 

7-391 

7-BIT-SLICE WALLACE TREES 

SN54LS275 

SN54S275 

J 

J 

SN74LS275 

SN74S275 

J, N 

J, N 

7-391 

25-MHz 6-BIT-BINARY RATE MULTIPLIERS 

SN5497 

J.W 

SN7497 

J, N 

7-102 

25-MHz DECADE RATE MULTIPLIERS 

SN54167 

J.W 

SN74167 

J. N 

7-222 


COMPARATORS 


DESCRIPTION 

TYPICAL 

COMPARE 

TIME 

TYP TOTAL 

POWER 

DISSIPATION 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

-55° C to 125°C 

0°C to 70° C 


11.5 ns 

365 mW 

SN54S85 

J, W 

SN74S85 

J, N 



21 ns 

275 mW 

SN5485 

J, W 

SN7485 

J, N 


4-BIT MAGNITUDE COMPARATORS 







7-57 


23.5 ns 

52 mW 

SN54LS85 

J.W 

SN74LS85 

J, N 



82 ns 

20 mW 

SN54L85 

J 

SN74L85 

J, N 



*New product in development as of October 1976. 


1076 

7-4 Texas Instruments 

1 NCORPOR AT ED 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 






MSI/LSI FUNCTIONS 
FUNCTIONAL INDEX/SELECTION GUIDE 


PARITY GENERATORS/CHECKERS 


DESCRIPTION 

TYPICAL 

DELAY 

TIME 

TYP TOTAL 

POWER 

DISSIPATION 

DEVICE TYPE 

PAGE 

NO. 

[ — 55°C to 125°C 

0°C to 70" C 

9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 

31 ns 

13 ns 

80 mW 

335 mW 

SN54LS280 

SN54S280 

j.w 

J, w 

SN74LS280 

SN74S280 

J, N 

J, N 

7-406 

8-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 

35 ns 

1 70 mW 

SN54180 

J.W 

SN74180 

J, N 

7-269 


OTHER ARITHMETIC OPERATORS 


DESCRIPTION 

TYPICAL 

DELAY 

TYP TOTAL 

POWER 

DEVICE TYPE 

AND PACKAGE 


PAGE 

NO. 


TIME 

DISSIPATION 

— 55°C to 125°C 

0°C to 70 

°C 


7 ns 

250 mW 

SN54S86 

J.W 

SN74S86 

J, N 

7-65 

QUADRUPLE 2-INPUT EXCLUSIVE-OR 

10 ns 

30 mW 

SN54LS86 

J.W 

SN74LS86 

J, N 

7-65 

10 ns 

30 mW 

SN54LS386 

J.W 

SN74LS386 

J, N 

7-487 

GATES WITH TOTEM-POLE OUTPUTS 

ns 

1 50 mW 

SN5486 

J.W 

SN7486 

j, N 

7-65 


55 ns 

15 mW 

SN54L86 

J, T 

SN74L86 

J, N 

7-65 

QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 

18 ns 

30 mW 

SN54LS1 36 

J.W 

SN74LS136 

J, N 


WITH OPEN-COLLECTOR OUTPUTS 

27 ns 

150 mW 

SN54136 

J, W 

SN74136 

J, N 


QUADRUPLE 2-INPUT EXCLUS IV E-NOR GATES 

18 ns 

40 r^yy 

SN54LS266 

J.W 

SN74LS266 

J, N 

7-386 

QUADRUPLE EXCLUSIVE OR/NOR GATES 

8 ns 

325 mW 

SN54S135 

J.W 

SN74S135 

J, N 

7-129 

4-BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENT 

14 ns 

270 mW 

SN54H87 

J.W 

SN74H87 

J, N 

7-70 


QUAD, HEX, AND OCTAL FLIP-FLOPS 



F-F 


POWER 

DATA TIMES 

DEVICE TYPE 


PAGE 

NO. 

DESCRIPTION 

PER 

FREQ 

PER 

SETUP 

HOLD 

AND PACKAGE 



PKG 


FLIP-FLOP 

ns 

ns 

— 55°C to 125°C 

o 

r*» 

O 

O 

°o 

D C 



50 MHz 

26 mW 

201 

01 

SN54LS364* 

J 

SN74LS364* 

J, N 

7-467 

D TYPE 3-STATE WITH ENABLE 

8 

50 MHz 

17 mW 

201 

01 

SN54LS374* 

J 

SN74LS374* 

J, N 

7-471 



100 MHz 

56 mW 

51 

21 

SN54S374 

J 

SN74S374 

J, N 

7-471 


8 

40 MHz 

1 0.6 mW 

20 1 

51 

SN54LS377 

J 

SN74LS377 

J, N 

7-481 

D TYPE WITH ENABLE 

6 

40 MHz 

10.6 mW 

201 

51 

SN54LS378 

J.W 

SN74LS378 

J, N 

7-481 


4 

40 MHz 

10.6 mW 

201 

51 

SN54LS379 

J 

SN74LS379 

J, N 

7-481 


8 

40 MHz 

39 mW 

201 

51 

SN54273 

J 

SN74273 

J. N, 

7-388 



40 MHz 

10.6 mW 

201 

51 

SN54LS273 

J 

SN74LS273 

J, N 



35 MHz 

38 mW 

201 

51 

SN54174 

J.W 

SN74174 

J, N 


D TYPE WITH CLEAR 

6 

40 MHz 

10.6 mW 

201 

51 

SN54LS1 74 

J, w 

SN74LS1 74 

J, N 

7-253 



110 MHz 

75 mW 

51 

31 

SN54S1 74 

J.W 

SN74S1 74 

J, N 




35 MHz 

38 mW 

201 

51 

SN54175 

J.W 

SN74175 

J, N 



4 

40 MHz 

10.6 mW 

201 

51 

SN54LS1 75 

J, w 

SN74LS175 

J, N 

7-253 



110 MHz 

75 mW 

51 

31 

SN54S1 75 

J, w 

SN74S1 75 

J. N 


J-K TYPE WITH SEPARATE CLOCK 

4 

50 MHz 

75 mW 

31 

101 

SN54276 

J 

SN74276 

J, N 

7-401 

J-K TYPE WITH COMMON CLOCK 

4 

45 MHz 

65 mW 

01 

201 

SN54376 

J.W 

SN 74376 

J. N 

7-479 


REGISTER FILES 


DESCRIPTION 

TYPICAL 

ADDRESS 

TIME 

TYP READ 

ENABLE 

TIME 

DATA 

INPUT 

RATE 

TYP TOTAL 

POWER 

DISSIPATION 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

— 55°C to 125°C 

0°C to 70° C 

EIGHT WORDS OF TWO BITS 

33 ns 

15 ns 

20 MHz 

560 mW 



SN74172 

J. N 

7-245 

FOUR WORDS OF FOUR BITS 

27 ns 

30 ns 

1 5 ns 

15 ns 

20 MHz 

20 MHz 

125 mW 

635 mW 

SN54LS1 70 

SN54170 

J.W 

J.W 

SN74LS1 70 

SN74170 

J, N 

J, N 

7-237 

FOUR WORDS OF FOUR BITS 

(3-STATE OUTPUTS) 

24 ns 

19 ns 

20 MHz 

1 35 mW 

SN54LS670 

J.W 

SN74LS670 

J, N 

7-526 


New product in development as of October 1976. 
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FUNCTIONAL INDEX/SELECTION GUIDE 


SHIFT REGISTERS 



NO. 

SHIFT 

SERIAL 

ASYNC 

MODES 

TYP TOTAL 

DEVICE TYPE 















PAGE 


OF 

DATA 










DESCRIPTION 

FREQ 


++ 

++ 



POWER 

AND PACKAGE 





CLEAR 










NO. 


BITS 


00 











INPUT 


«/3 

_J 

I 

DISSIPATION 

— 55 C to 125 C 

0 C to 70 C 



50 MHz 

D 

Low 

X 

X 

X 

X 

750 mW 

SN54S299 

J, W 

SN74S299 

J, N 

7-437 


8 

35 MHz 

D 

Low 

X 

X 

X 

X 

175 mW 

SN54LS299* 

J 

SN74LS299* 

J, N 

7-437 

PARALLEL-IN, 

35 MHz 

D 

Sync L 

X 

X 

X 

X 

175 mW 

SN54LS323* 

J 

SN74LS323* 

J, N 

7-443 

PARALLEL-OUT 


25 MHz 

D 

Low 

X 

X 

X 

X 

360 mW 

SN54198 

J,W 

SN74198 

J, N 

7-338 

(BIDIRECTIONAL) 


70 MHz 

D 

Low 

X 

X 

X 

X 

450 mW 

SN54S194 

J, W 

SN74S194 

J, N 



4 

25 MHz 

D 

Low 

X 

X 

X 

X 

75 mW 

SN54LS194A 

J, W 

SN 74 LSI 94 A 

J, N 

7-316 



25 MHz 

D 

Low 

X 

X 

X 

X 

195 mW 

SN54194 

J,W 

SN74194 

J. N 



8 

25 MHz 

J-K 

Low 

X 


X 

X 

360 mW 

SN54199 

J, W 

SN74199 

J, N 

7-338 



10 MHz 

D 

Low 

X 


X 


60 mW 

SN54LS96 

J, W 

SN74LS96 

J. N 



5 

10 MHz 

D 

Low 

X 


X 


240 mW 

SN5496 

J, W 

SN7496 

J, N 

7-95 



5 MHz 

D 

Low 

X 


X 


120 mW 

SN54L96 

J 

SN74L96 

J, N 




70 MHz 

J-K 

Low 

X 


X 


375 mW 

SN54S195 

J, W 

SN74S195 

J, N 

7-324 



30 MHz 

J-K 

Low 

X 


X 


195 mW 

SN54195 

J, W 

SN74195 

J, N 

7-324 

PARALLEL-IN, 


25 MHz 

D 

Low 

X 


X 


75 mW 

SN54LS395A* 

J, W 

SN74LS395A* 

J, N 

7-496 


25 MHz 

D 

None 

X 


X 


195 mW 

SN5495A 

J, W 

SN7495A 

J, N 

7-89 

PARALLEL-OUT 



25 MHz 

D 

Low 

X 


X 

X 

230 mW 

SN54179 

J, W 

SN74179 

J. N 

7-265 


4 

25 MHz 

D 

None 

X 


X 

X 

230 mW 

SN54178 

J, W 

SN74178 

J, N 

7-265 



30 MHz 

J-K 

Low 

X 


X 


70 mW 

SN54LS195A 

J, W 

SN74LS195A 

J, N 

7-324 



25 MHz 

D 

None 

X 


X 


65 mW 

SN54LS95B 

J, W 

SN74LS95B 

J, N 

7-89 



25 MHz 

D 

None 

X 


X 


70 mW 

SN54LS295B* 

J,W 

SN74LS295B* 

J, N 

7-429 



3 MHz 

J-K 

None 

X 


X 


19 mW 

SN54L99 

J 

SN74L99 

J, N 

7-109 



3 MHz 

D 

None 

X 


X 


19 mW 

SN54L95 

J,T 

SN74L95 

J, N 

7-89 

SERIAL-IN, 


25 MHz 

Gated D 

Low 

X 




80 mW 

SN54LS164 

J,W 

SN74LS164 

J, N 


PARALLEL-OUT 

8 

25 MHz 

Gated D 

Low 

X 




167 mW 

SN54164 

J, W 

SN74164 

J. N 

7-206 



12 MHz 

Gated D 

Low 

X 




84 mW 

SN54L164 

■ J, T 

SN74L164 

J, N 




25 MHz 

D 

None 

X 


X 

X 

210 mW 

SN54165 

J. W 

SN74165 

J, N 

7-212 

PARALLEL-IN, 


35 MHz 

D 


X 


X 

X 

105 mW 

SN54LS165 

J. W 

SN 74 LSI 65 

J, N 

7-212 

8 

20 MHz 

D 

Low 

X 


X 

X 

360 mW 

SN54166 

SERIAL-OUT 

J, W 

SN74166 

J, N 

7-217 



35 MHz 

D 

Low 

X 


X 

X 

110 mW 

SN54LS166 

J, W 

SN74LS166 

J, N 

7-217 


4 

10 MHz 

D 

High 

X 


X 


175 mW 

SN5494 

J, W 

SN7494 

J, N 

7-86 

SERIAL-IN, 


25 MHz 

Gated D 

None 

X 




60 mW 

SN54LS91 

J,W 

SN74LS91 

J, N 


SERIAL-OUT 

8 

10 MHz 

Gated D 

None 

X 




175 mW 

SN5491A 

J, w 

SN7491A 

J, N 

7-81 



3 MHz 

Gated D 

None 

X 

_ 



17.5 mW 

SN54L91 

J, T 

SN74L91 

J.N 



*S-R = shift right, S-L s shift left 


OTHER REGISTERS 


DESCRIPTION 

FREQ 

ASYNC 

CLEAR 

TYP TOTAL 

POWER 

DISSIPATION 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

— 55°C to 125°C 

0°C to 70° C 

QUADRUPLE MULTIPLEXERS 

WITH STORAGE 

30 MHz 

30 MHz 

None 

None 

36.5 mW 

36.5 mW 

SN54LS398 

SN54LS399 

J 

J, W 

SN74LS398 

SN74LS399 

J, N 

J, N 

7-499 

7-499 

25 MHz 

25 MHz 

3 MHz 

None 

None 

None 

65 mW 

195 mW 

25 mW 

SN54LS298 

SN54298 

SN54L98 

J, W 

J, w 

J 

SN74LS298 

SN74298 

SN74L98 

J, N 

J, N 

J, N 

7-432 

7-432 

7-107 

8-BIT UNIVERSAL SHIFT/STORAGE 

REGISTERS 

35 MHz 

50 MHz 

Low 

Low 

175 mW 

750 mW 

SN54LS299* 

SN54S299 

J 

J, w 

SN74LS299* 

SN74S299 

J, N 

J, N 

7-437 

QUADRUPLE BUS-BUFFER REGISTERS 

25 MHz 

50 MHz 

High 

High 

250 mW 

85 mW 

SN54173 

SN54LS1 73* 

J, w 

J, w 

SN74173 

SN74LS173* 

J, N 

J, N 

7-249 


*New product in development as of October 1976. 
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LATCHES 


DESCRIPTION 

NO. 

OF 

BITS 

CLEAR 

OUTPUTS 

TYPICAL 

DELAY 

TIME 

TYP TOTAL 

POWER 

DISSIPATION 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

— 55°C to 125°C 

0°C to 70° C 

MULTI-MODE BUFFERED 

8 

Low 

Q 

11 ns 

410 mW 

SN54S41 2 

J 

SN74S412 

J, N 

7-502 



Low 

Q 

12 ns 

300 mW 

SN 54259 

J, W 

SN74259 

J, N 


ADDRESSABLE 

8 









7-376 



Low 

Q 

17 ns 

110 mW 

SN54LS259 

J, W 

SN74LS259 

J. N 




None 

Q 

17 ns 

210 mW 

SN54LS363* 

J 

SN74LS363* 

J, N 

7-467 

TRANSPARENT 

8 

None 

Q 

19 ns 

120 mW 

SN54LS373* 

J 

SN74LS373* 

J. N 

7-471 



None 

Q 

7 ns 

525 mW 

SN54S373 

J 

SN74S373 

J, N 

7-471 

DUAL 4-BIT WITH 


Low 

Q 

11 ns 

250 mW 

SN54116 

J, W 

SN74116 

J, N 

7-115 

INDEPENDENT ENABLE 


None 

Q 

15 ns 

320 mW 

SN54100 

J, w 

SN74100 

J, N 

7-113 



None 

Q, Q 

15 ns 

160 mW 

SN5475 

J, w 

SN7475 

J. N 

7-35 



None 

Q, Q 

30 ns 

80 mW 

SN54L75 

J 

SN74L75 

J, N 

7-35 



None 

OQ 

1 1 ns 

32 mW 

SN54LS75 

J, w 

SN74LS75 

J, N 

7-35 

DUAL 2-BIT WITH 












4 

None 

Q 

15 ns 

160 mW 

SN5477 

w 



7-35 

INDEPENDENT ENABLE 













None 

Q 

30 ns 

80 mW 

SN54L77 

T 



7-35 



None 

Q 

10 ns 

35 mW 

SN54LS77 

w 



7-35 



None 

G, u 

12 ns 

32 mW 

SN54LS375 

J, w 

SN74 LS375 

j, N 

7-478 



None 

Q 

12 ns 

90 mW 

SN54279 

J, w 

SN74279 

J, N 


QUAD S-R (SSI) 

4 









6-60 



None 

Q 

12 ns 

19 mW 

SN54LS279 

J, w 

SN74LS279 

J, N 



CLOCK GENERATOR CIRCUITS 



TYP TOTAL 

DEVICE TYPE 


PAGE 

NO. 

DESCRIPTION 

POWER 

AND PACKAGE 



DISSIPATION 

—55° C to 125°C 

o°e to 70° 

C 

(FOR TMS 9900) 

669 mW 



SN74LS362* 

J, N 

7-460 

CLOCK GENERATOR/DRIVERS . 





(FOR TMS 8080A) 

719 mW 



SN74LS424 

J, N 

7-507 


90 mW 

SN54LS124 

J, W 

SN74LS1 24 

J. N 

7-123 

DUAL VOLTAGE-CONTROLLED OSCILLATOR WITH ENABLE 

525 mW 

SN54S124 

J, W 

SN74S124 

J, N 

7-123 


90 mW 

SN54LS326 

J, W 

SN74LS326 

J, N 

7445 

DUAL VOLTAGE-CONTROLLED OSCILLATOR 

150 mW 

SN54LS325 

J, W 

SN74LS325 

J, N 

7445 

150 mW 

SN54LS327 

J, W 

SN74LS327 

J, N 


VOLTAGE-CONTROLLED OSCILLATOR WITH ENABLE 

90 mW 

SN54LS324 

J, W 

SN74LS324 

J, N 

7445 

DUAL 30-MHz PULSE SYNCHRONIZERS/DRIVERS 

255 mW 

SN54120 

J, W 

SN74120 

J, N 

7-118 

QUAD COMPLIMENTARY GATES (CLOCK/CLOCK) [SSI] 

125 mW 

SN54265 

J, W 

SN74265 

J, N 

6-89 


CODE CONVERTERS 


DESCRIPTION 

TYPICAL 

DELAY TIME 

PER PACKAGE 

LEVEL 

TYPICAL 

TOTAL POWER 

DISSIPATION 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

— 55°C to 125°C 

0°C to 70° C 

6-LINE-BCD TO 6-LINE 

BINARY, OR 4-LINE TO 4-LINE 

BCD 9' s/BCD 1 0's CONVERTERS 

25 ns 

280 mW 

SN54184 

J.W 

SN74184 

J, N 

7-290 

6-BIT-BINARY TO 6BIT-BCD CONVERTERS 

25 ns 

280 mW 

SN54185A 

J, W 

SN74185A 

J. N 

7-290 


'New product in development as of October 1976. 
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PRIORITY ENCODERS/REGISTERS 


DESCRIPTION 

TYPICAL 

DELAY 

TIME 

TYP TOTAL 

POWER 

DISSIPATION 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

— 55°C to 125°C 

0°C to 70°C 

FULL BCD PRIORITY ENCODERS 

10 ns 

15 ns 

225 mW 

60 mW 

SN54147 

SN54LS147* 

J, W 

J, W 

SN74147 

SN74LS147* 

J, N 

J, N 

7-151 

CASCADABLE OCTAL PRIORITY ENCODERS 

12 ns 

15 ns 

190 mW 

60 mW 

SN54148 

SN54LS148* 

J, W 

J, W 

SN74148 

SN74LS148* 

J, N 

J, N 

7-151 

CASCADABLE OCTAL PRIORITY ENCODERS 

WITH 3-STATE OUTPUTS 

16 ns 

63 mW 

SN54LS348* 

J, W 

SN74LS348* 

J, N 

7-448 

4-BIT CASCADABLE PRIORITY REGISTERS 

35 ns 

275 mW 

SN54278 

J, W 

SN74278 

J, N 

7-403 


DATA SELECTORS/MULTIPLEXERS 


DESCRIPTION 

TYPE 

OF 

OUTPUT 

TYPICAL DELAY TIMES 

TYP TOTAL 

POWER 

DISSIPATION 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

DATA TO 

INV 

OUTPUT 

DATA TO 

NON- INV 

OUTPUT 

FROM 

ENABLE 

— 55°C to 125°C 

0°C to 70° C 

16-LINE-TO-1-LINE 

2-State 

11 ns 


18 ns 

200 mW 

SN54150 

J, W 

SN74150 

J. N 

7-157 

DUAL 

8-LINE-TO-1-LINE 

3-State 

10 ns 


17 ns 

220 mW 



SN74351 

N 

7-451 


3-State 

4.5 ns 

8 ns 

14 ns 

275 mW 

SN54S251 

J, W 

SN74S251 

J. N 

7-362 


3-State 

17 ns 

21 ns 

21 ns 

250 mW 

SN54251 

J, W 

SN74251 

J. N 

7-362 


3-State 

17 ns 

21 ns 

21 ns 

35 mW 

SN54LS251 

J, W 

SN74LS251 

J, N 

7-362 


2-State 

4.5 ns 

8 ns 

9 ns 

225 mW 

SN54S1 51 

J.W 

SN74S1 51 

J. N 

7-157 

8-LINE-TO-1-LINE 












2-State 

8 ns 

16 ns 

22 ns 

145 mW 

SN54151 A 

J, W 

SN74151 A 

J. N 

7-157 


2-State 

8 ns 



130 mW 

SN54152A 

W 



7-157 


2-State 

11 ns 

18 ns 

27 ns 

30 mW 

SN54LS151 

J.W 

SN74LS1 51 

J, N 

7-157 


2-State 

11 ns 


18 ns 

28 mW 

SN54LS152 

W 



7-157 


3-State 


12 ns 

16 ns 

35 mW 

SN54LS253 

J.W 

SN74LS253 

J. N 

7-369 


2-State 

15 ns 


22 ns 

31 mW 

SN54LS352 

J.W 

SN74LS352 

J. N 

7-454 

DUAL 

3-State 

12 ns 


21 ns 

43 mW 

SN54LS353 

J.W 

SN74LS353 

J. N 

7-457 


2-State 


6 ns 

9.5 ns 

225 mW 

SN54S153 

J.W 

SN74S1 53 

J, N 

7-165 

4-LINE-TO-1-LINE 












2-State 


14 ns 

17 ns 

180 mW 

SN54153 

J.W 

SN74153 

J, N 

7-165 


2-State 


14 ns 

17 ns 

31 mW 

SN54LS153 

J.W 

SN 74 LSI 53 

J. N 

7-165 


2-State 


27 ns 

34 ns 

90 mW 

SN54L1 53 

J 

SN74L153 

J, N 

7-165 


2-State 


20 ns t 


65 mW 

SN54LS298 

J.W 

SN74LS298 

J, N 

7-432 

QUADRUPLE 

2-State 


20 ns 1 


195 mW 

SN54298 

J, W 

SN74298 

J, N 

7-432 

2-LINE-TO-1-LINE 

2-State 


20 ns* 


32 mW 

SN54LS398 

J 

SN74LS398 

J, N 

7-499 

WITH STORAGE 

2-State 

20ns t 

20 ns* 


37 mW 

SN54LS399 

J, W 

SN74LS399 

J, N 

7-499 


2-State 


120 ns* 


25 mW 

SN54L98 

J 

SN74L98 

J, N 

7-107 


3-State 

4 ns 


14 ns 

280 mW 

SN54S258 

J.W 

SN74S258 

J. N 

7-372 


3-State 


5 ns 

14 ns 

320 mW 

SN54S257 

J.W 

SN74S257 

J, N 

7-372 


2-State 

4 ns 


7 ns 

195 mW 

SN54S158 

J.W 

SN74S158 

J, N 

7-181 


2-State 


5 ns 

8 ns 

250 mW 

SN54S157 

J.W 

SN74S157 

J, N 

7-181 

QUADRUPLE 

3-State 

12 ns 


20 ns 

60 mW 

SN54LS258A* 

J.W 

SN74LS258A* 

J, N 

7-372 

2-LINE-TO-1-LINE 

3-State 


12 ns 

20 ns 

60 mW 

SN54LS257A* 

J, w 

SN74LS257A* 

J, N 

7-372 


2-State 

7 ns 


12 ns 

24 mW 

SN54LS158 

J.W 

SN74LS158 

J, N 

7-181 


2-State 


9 ns 

14 ns 

49 mW 

SN54LS157 

J, w 

SN74LS157 

J, N 

7-181 


2-State 


9 ns 

14 ns 

150 mW 

SN54157 

J.W 

SN74157 

J, N 

7-181 


2-State 


18 ns 

27 ns 

75 mW 

SN54L157 

J 

SN74L157 

J, N 

7-181 


^From clock. 

•New product in development as of October 1976. 
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MSI/LSI FUNCTIONS 
FUNCTIONAL INDEX/SELECTION GUIDE 


DECODERS/DEMULTIPLEXERS 


DESCRIPTION 

TYPE OF 

OUTPUT 

TYPICAL 

SELECT 

TIME 

TYPICAL 

ENABLE 

TIME 

TYP TOTAL 

POWER 

DISSIPATION 

DEVICE TYPE 

AND PACKAGE 

— i 

PAGE 

NO. 

— 55°C to 125°C 

0°C to 70° C 

4-LINE-TO-16-LINE 

Totem-Pole 

Totem-Pole 

Open-Collector 

23 ns 

46 ns 

24 ns 

19 ns 

38 ns 

19 ns 

170 mW 

85 mW 

1 70 mW 

SN54154 

SN54L1 54 

SN54159 

J, W 

J 

J, W 

SN74154 

SN74L154 

SN74159 

J, N 

J, N 

J, N 

7-171 

7-171 

7-188 

4-LINE-TO-1 0-LINE, 

BCD-TO-DECIMAL 

Totem-Pole 

T otem-Pole 

Totem-Pole 

17 ns 

17 ns 

34 ns 


35 mW 

140 mW 

70 mW 

SN54LS42 

SN5442A 

SN54L42 

J,W 
J, W 

J 

SN54LS42 

SN7442A 

SN74L42 

J, N 

J, N 

J, N 

7-15 

4-LINE-TO-1 0-LINE, 

EXCESS- 3-TO-DECIMAL 

Totem-Pole 

Totem-Pole 

17 ns 

34 ns 


140 mW 

70 mW 

SN5443A 

SN54L43 

J, W 

J 

SN7443A 

SN74L43 

J, N 

J, N 

7-15 

4- LIN E-TO-1 0-LINE 

EXCESS- 3-GRAY- 

TO-DECIMAL 

Totem-Pole 

Totem-Pole 

1 7 ns 

34 ns 


140 mW 

70 mW 

SN5444A 

SN54L44 

J, W 

J 

SN7444A 

SN74L44 

J, N 

J, N 

7-15 

3-LINE-TO-8-LINE 

Totem-Pole 

Totem-Pole 

8 ns 

22 ns 

7 ns 

21 ns 

245 mW 

31 mW 

SN54S138 

SN54LS138 

J, w 

J, w 

SN74S1 38 

SN74LS138 

J, N 

J, N 

7-134 

7-134 

DUAL 2-LINE-TO-4-LINE 

Totem-Pole 

Totem-Pole 

Totem-Pole 

T otem-Pole 

Open-Collector 

Open-Collector 

7.5 ns 

22 ns 

1 8 ns 

21 ns 

23 ns 

33 ns 

6 ns 

19 ns 

15 ns 

16 ns 

18 ns 

26 ns 

300 mW 

34 mW 

30 mW 

125 mW 

125 mW 

31 mW 

SN54S1 39 

SN54LS1 39 

SN54LS155 

SN54155 

SN54156 

SN54LS1 56 

J, w 

J, w 

J, w 

J,W 

J, w 

SN74S139 

SN74LS139 

SN74LS1 55 

SN74155 

SN74156 

SN74LS156 

J, N 

J, N 

J, N 

J, N 

J, N 

J, N 

7-134 

7-134 

7-175 

7-175 

7-175 

7-175 


OPEN-COLLECTOR DISPLAY DECODERS/DRIVERS WITH COUNTERS/LATCHES 


DESCRIPTION 

OUTPUT 

SINK 

CURRENT 

OFF-STATE 

OUTPUT 

VOLTAGE 

TYP TOTAL 

POWER 

DISSIPATION 

BLANKING 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

-55° C to 125°C 

0°C to 70° C 

BCD COUNTER/ 

4-BIT LATCH/ 

BCD-TO-DECIMAL 

DECODER/DRIVER 

7 mA 

55 V 

340 mW 




SN74142 

J, N 

7-140 

BCD COUNTER/ 

4-BIT LATCH/ 

BCD-TO-SEVEN- 

SEGMENT DECODER/ 

LED DRIVER 

Constant 

Current 

15 mA 

7 V 

280 mW 

Ripple 

SN54143 

J, W 

SN74143 

J, N 

7-143 

BCD COUNTER/ 

4-BIT LATCH/ 

BCD-TO-SEVEN- 

SEGMENT DECODER/ 

LAMP DRIVER 

20 mA 

25 mA 

15 V 

15 V 

280 mW 

280 mW 

Ripple 

Ripple 

SN54144 

J, W 

SN74144 

J, N 

7-143 


RESULTANT DISPLAYS USING '143, '144 


f“l 

1 

“1 

"1 

l_f 

c 

iz 

-f 

o 

IZI 

f_f 

1 

fZ 


I 


/_/ 

_ 1 

!_/ 

_I 


01234 56789 
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MSI/LSI FUNCTIONS 

FUNCTIONAL INDEX/SELECTION GUIDE 


OPEN-COLLECTOR DISPLAY DECODERS/DRIVERS 


DESCRIPTION 

OUTPUT 

SINK 

CURRENT 

OFF-STATE 

OUTPUT 

VOLTAGE 

TYP TOTAL 

POWER 

DISSIPATION 

BLANKING 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

— 55°C to 125°C 

0°C to 70° C 


80 mA 

30 V 

215 mW 

Invalid Codes 

SN5445 

J, w 

SN7445 

J, N 

7-20 


80 mA 

15 V 

35 mW 

Invalid Codes 



SN74LS145 

J, N 

7-148 

BCD-TO-DECIMAL 











12 mA 

15 V 

35 mW 

Invalid Codes 

SN54LS145 

J, w 



7-148 

DECODERS/DRIVERS 











80 mA 

15 V 

21 5 mW 

Invlaid Codes 

SN54145 

J, w 

SN74145 

J, N 

7-148 


7 mA 

60 V 

80 mW 

Invalid Codes 



SN74141 

J, N 

7-138 


40 mA 

30 V 

320 mW 

Ripple 

SN5446A 

J,W 

SN7446A 

J, N 

7-22 


40 mA 

30 V 

320 mW 

Ripple 

SN54246 

J, w 

SN74246 

J, N 

7-22 


40 mA 

15 V 

320 mW 

Ripple 

SN5447A 

J, w 

SN7447A 

J, N 

7-22 


40 mA 

15 V 

320 mW 

Ripple 

SN54247 

J, w 

SN74247 

J, N 

7-351 


24 mA 

15 V 

35 mW 

Ripple 



SN74LS47 

J, N 

7-22 


24 mA 

15 V 

35 mW 

Ripple 



SN74LS247 

J, N 

7-351 


12 mA 

15 V 

35 mW 

Ripple 

SN54LS47 

J, w 



7-22 


12 mA 

15 V 

35 mW 

Ripple 

SN54LS247 

J, w 



7-351 


20 mA 

30 V 

133 mW 

Ripple 

SN54L46 

J 

SN74L46 

J, N 

7-22 

BCD-TO- 

20 mA 

15 V 

133 mW 

Ripple 

SN54L47 

J 

SN74L47 

J. N 

7-22 

SEVEN-SEGMENT 

6.4 mA 

5.5 V 

265 mW 

Ripple 

SN5448 

J, w 

SN7448 

J, N 

7-22 

DECODERS/DRIVERS 

6.4 mA 

5.5 V 

265 mW 

Ripple 

SN54248 

J, w 

SN74248 

J, N 

7-351 


6 mA 

5.5 V 

1 25 mW 

Ripple 



SN74LS48 

J, N 

7-22 


6 mA 

5.5 V 

125 mW 

Ripple 



SN74LS248 

J, N 

7-351 


2 mA 

5.5 V 

125 mW 

Ripple 

SN54LS48 

J. w 



7-22 


2 mA 

5.5 V 

125 mW 

Ripple 

SN54LS248 

J, w 



7-351 


10 mA 

5.5 V 

165 mW 

Direct 

SN5449 

w 



7-22 


10 mA 

5.5 V 

265 mW 

Direct 

SN54249 

J.W 

SN74249 

J, N 

7-351 


8 mA 

5.5 V 

40 mW 

Direct 



SN74LS249 

J. N 

7-351 


8 mA 

5.5 V 

40 mW 

Direct 



SN74LS49 

J, N 

7-22 


4 mA 

5.5 V 

40 mW 

Direct 

SN54LS49 

J, w 



7-22 


4 mA 

5.5 V 

40 mW 

Direct 

SN54LS249 



J.W 



7-351 


RESULTANT DISPLAYS USING '46A, '47A, '48, '49, L46, 'L47, 'LS47, 'LS48, ’LS49 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


RESULTANT DISPLAYS USING '246, '247, '248, '249, 'LS247, 'LS248, 'LS249 


— I T 1 — -T .1-1' 'I ■ I 1 I'— I I i I i i 

0 1234567 8 9 10 11 12 13 14 15 
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MSI/LSI FUNCTIONS 
FUNCTIONAL INDEX/SELECTION GUIDE 


BUS TRANSCEIVERS AND DRIVERS 


DESCRIPTION 

TYPICAL 

PROPAGATION 

DELAY TIMES 

MAXIMUM 

SOURCE 

CURRENT 

MAXIMUM 

SINK 

CURRENT 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

-55° C to 125°C 

0°C to 70° C 

CONTROLLER AND BUS DRIVER 

FOR 8080A SYSTEMS 






SN74S428 

SN74S438 

N 

N 

7-514 

OCTAL BUS TRANSCEIVERS 

12 ns 

-12 mA 

12 mA 

SN54LS245* 

J 


■JKM 


4-BIT BUS TRANSCEIVERS 

WITH STORAGE 

10 ns 

—6.5 mA 

20 mA 

SN54S226* 






ASYNCHRONOUS COUNTERS (RIPPLE CLOCK)— NEG ATI VE-EDGE TRIGGERED 


DESCRIPTION 

COUNT 

FREQ 

PARALLEL 

LOAD 

CLEAR 

TYP TOTAL 

POWER 

DISSIPATION 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

-55° C to 125°C 

0°C to 70 

°C 


50 MHz 

Yes 

Low 

240 mW 

SN54196 

J, W 

SN74196 

J, N 

7-331 


100 MHz 

Yes 

Low 

375 mW 

SN54S196 

J, W 

SN74S196 

J, N 

7-331 


35 MHz 

Yes 

Low 

150 mW 

•SN54176 

J, w 

SN7417R 

J, N 

7-259 


32 MHz 

Set-to-9 

High 

40 mW 

SN54LS90 

J, W 

SN74LS90 

J, N 

7-72 

DECADE 

32 MHz 

Set-to-9 

High 

40 mW 

SN54LS290 

J, w 

SN74LS290 

J, N 

7-423 


32 MHz 

Set-to-9 

High 

160 mW 

SN5490A 

J, w 

SN7490A 

J, N 

7-72 


32 MHz 

Set-to-9 

High 

160 mW 

SN54290 

J, w 

SN 74290 

J, N 

7-423 


30 MHz 

Yes 

Low 

60 mW 

SN54LS196 

J, w 

SN74LS196 

J, N 

7-331 


3 MHz 

Set-to?9 

High 

20 mW 

SN54L90 

J, T 

SN74L90 

J, N 

7-72 


50 MHz 

Yes 

Low 

240 mW 

SN54197 

J, W 

SN74197 

J, N 

7-331 


100 MHz 

Yes 

Low 

375 mW 

SN54S197 

J, W 

SN74S197 

J, N 

7-331 


35 MHz 

Yes 

Low 

1 50 mW 

SN54177 

J, VY 

SN74177 

J, N 

7-259 


32 MHz 

None 

High 

39 mW 

SN54LS93 

J, w 

SN74LS93 

J, N 

7-72 

4-BiT BINARY 

32 MHz 

None 

High 

39 mW 

SN54LS293 

J, w 

SN74LS293 

j, N 

7-423 


32 MHz 

None 

High 

160 mW 

SN5493A 

J, w 

SN7493A 

J, N 

7-72 


32 MHz 

None 

High 

160 mW 

SN54293 

J, w 

SN74293 

J, N 

7-423 


30 MHz 

Yes 

Low 

60 mW 

SN54LS197 

J, w 

SN74LS197 

J, N 

7-331 


3 MHz 

None 

High 

20 mW 

SN54L93 

J, T 

SN74L93 

J, N 

7-72 


32 MHz 

None 

High 

39 mW 

SN54LS92 

J, W 

SN74LS92 

J, N 


DIVIDE-BY-12 









7-72 


32 MHz 

None 

High 

160 mW 

SN5492A 

J, W 

SN7492A 

J, N 



25 MHz 

None 

High 

210 mW 

SN54390 

J, W 

SN74390 

J, N 

7-489 


35 MHz 

None 

High 

75 mW 

SN54LS390 

J, W 

SN74LS390 

J, N 

7-489 

DUAL DECADE 











25 MHz 

Set-to-9 

High 

225 mW 

SN 54490 

J, w 

SN74490 

J. N 

7-520 


35 MHz 

Set-to-9 

High 

75 mW 

SN54LS490 

J, w 

SN74LS490 

J, N 

7-520 


25 MHz 

None 

High 

190 mW 

SN54393 

J, w 

SN74393 

J, N 

7-489 

DUAL 4-BIT BINARY 











35 MHz 

None 

High 

75 mW 

SN54LS393 

J,W 

SN74LS393 

J, N 

7-489 
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MSI/LSI FUNCTIONS 

FUNCTIONAL INDEX/SELECTION GUIDE 


SYNCHRONOUS COUNTERS-POSITIVE-EDGE TRIGGERED 


DESCRIPTION 

COUNT 

FREQ 

PARALLEL 

LOAD 

CLEAR 

TYP TOTAL 

POWER 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 



DISSIPATION 

— 55°C to 125°C 

0°C to 70° C 


40 MHz 

Sync 

Sync-L 

475 mW 

SN54S162 

J, W 

SN74S162 

J, N 



25 MHz 

Sync 

Sync-L 

93 mW 

SN54LS162A 

J, W 

SN74LS162A 

J, N 


DECADE 

25 MHz 

Sync 

Async- L 

93 mW 

SN54LS160A 

J, W 

SN74 LS160A 

J, N 

7-190 


25 MHz 

Sync 

Sync-L 

305 mW 

SN54162 

J.W 

SN74162 

J, N 



25 MHz 

Sync 

Async- L 

305 mW 

SN54160 

J, W 

SN74160 

J. N 



40 MHz 

Sync 

None 

500 mW 

SN54S168 

J, W 

SN74S168 

J, N 

7-226 


25 MHz 

Sync 

None 

100 mW 

SN54LS168A 

J.W 

SN74LS168A 

J, N 

7-226 

DECADE 

UP/DOWN 

25 MHz 

Async 

Async-H 

85 mW 

SN54LS192 

J, W 

SN74LS192 

J. N 

7-306 

25 MHz 

Async 

Async-H 

325 mW 

SN54192 

J.W 

SN74192 

J, N 

7-306 

20 MHz 

Async 

None 

100 mW 

SN54LS190 

J, W 

SN74LS190 

J, N 

7-296 


20 MHz 

Async 

None 

325 mW 

SN54190 

J.W 

SN74190 

J, N 

7-296 


3 MHz 

Async 

Async-H 

42 mW 

SN54L192 

J 

SN74L192 

J, N 

7-306 

DECADE 1 

RATE MULTIPLIER, N-| 0 

25 MHz 

Set-to-9 

Async-H 

270 mW 

SN54167 

J.W 

SN74167 

J, N 

7-222 


40 MHz 

Sync 

Sync-L 

475 mW 

SN54S163 

J, W 

SN74S163 

J, N 



25 MHz 

Sync 

Sync-L 

93 mW 

SN54LS163A 

J, W 

SN 74 LSI 63 A 

J, N 


4-BIT BINARY 

25 MHz 

Sync 

Async-L 

93 mW 

SN54LS161 A 

J.W 

SN74LS161 A 

J, N 

7-190 


25 MHz 

Sync 

Sync-L 

305 mW 

SN54163 

J, W 

SN74163 

J, N 



25 MHz 

Sync 

Async-L 

305 mW 

SN54161 

J, W 

SN74161 

J, N 



40 MHz 

Sync 

None 

500 mW 

SN54S169 

J, W 

SN74S169 

J, N 

7-226 


25 MHz 

Sync 

None 

100 mW 

SN54LS169A 

J, W 

SN74LS169A 

J, N 

7-226 

4-BIT BINARY 

UP/DOWN 

25 MHz 

25 MHz 

Async 

Async 

Async-H 

Async-H 

85 mW 

325 mW 

SN54LS193 

SN54193 

J.W 

J, W 

SN74LS193 

SN74193 

J, N 

J, N 

7-306 

7-306 

20 MHz 

Async 

None 

90 mW 

SN54LS191 

J.W 

SN74LS191 

J, N 

7-296 


20 MHz 

Async 

None 

325 mW 

SN54191 

J, W 

SN74191 

J, N 

7-296 


3 MHz 

Async 

Async-H 

42 mW 

SN54L193 

J 

SN74L193 

J. N 

7-306 

6-BIT BINARY , 

RATE MULTIPLIER,!^" 

25 MHz 


Async-H 

345 mW 

SN5497 

J, w 

SN7497 

J, N 

7-102 


BIPOLAR BIT SLICE PROCESSOR ELEMENTS f 


DESCRIPTION 

CASCADABLE 

TO 

N-BITS 

TYPICAL 

m-operation 

TIME 

TECHNOLOGY 

DEVICE TYPE 

AND PACKAGE 

— 55°C to 125 

°C 

0°C to 70° C I 


Yes 

100 ns 

STTL 

SN54S481 

J 

! SN74S481 

J, N 

4-BIT SLICE 

Yes 

230 ns 

|2 L 

SBP0400AM 

J 

SBP0400AC 

J, N 


Yes 

230 ns 

^ 1 

SBP0401 AM | 

J 

SBP0401AC j 

J, N 


FIRST IN FIRST-OUT MEMORIES (FIFO'S)* 



TYPE 

DELAY TIME 

TYP TOTAL 

DEVICE TYPE 


DESCRIPTION 

OF 

FROM 

POWER 

AND PACKAGE 



OUTPUT 

CLOCK 

DISSIPATION 

— 55°C to 125^ 

0'C to 70° C 1 

ASYNCHRONOUS 16 X 5 

3-State 

50 ns 

400 mW 

1 

SN74S225 

□ 


*See Bipolar Microcomputer Components Data Book, LCC4270. 
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MSI/LSI FUNCTIONS 
FUNCTIONAL INDEX/SELECTION GUIDE 


RANDOM-ACCESS READ-WRITE MEMORIES (RAM'S) 


DESCRIPTION 

ORGANI 

ZATION 

TYPE 

OF 

OUTPUT 

TYPICAL 

ADDRESS 

TIME 

TYPICAL 

ENABLE 

TIME 

TYP POWER 

DISSIPATION 

PER BIT 

DEVICE TYPE 

AND PACKAGE 

PAGE 

NO. 

-55° C to 125°C 

0°C to 70° C 

1024-BIT ARRAYS 

1024 X 1 

3-State 

65 ns 

20 ns 

0.2/0.07 mW 

SN54LS215 

JD 

SN74LS215 

JD, N 

t 

WITH POWER-DOWN 

1024 X 1 

O-C 

65 ns 

20 ns 

0.2/0.07 mW 

SN54LS315 

JD 

SN74LS31 5 

JD, N 

t 


1024 X 1 

3-State 

65 ns 

20 ns 

0.2 mW 

SN54LS214 

JD 

SN74LS214 

JD, N 

t 


1024 X 1 

3-State 

30 ns 

15 ns 

0.51 mW 

SN54S214 

JD 

SN74S214 

JD, N 

t 


1024 X 1 

O-C 

65 ns 

20 ns 

0.2 mW 

SN54LS314 

JD 

SN74LS314 

JD, N 

t 

1024-BIT ARRAYS 

1024 X 1 

O-C 

30 ns 

15 ns 

0.51 mW 

SN54S314 

JD 

SN74S314 

JD, N 

t 












256 X 4 

3-State 

60 ns 

20 ns 

0.3 mW 

SN54LS207 

J 

SN74LS207 

J, N 

t 


256 X 4 

3-State 

40 ns 

15 ns 

0.59 mW 

SN54S207 

J 

SN74S207 

J, N 

t 


256 X 4 

3-State 

60 ns 

20 ns 

0.3 mW 

SN54LS208 

J 

SN74LS208 

J, N 

t 


256 X 4 

3-State 

40 ns 

15 ns 

0.59 mW 

SN54S208 

J 

SN74S208 

J. N 

t 

256-BIT ARRAYS 

256 X 1 

3-State 

35 ns 

15 ns 

1.1/0.39 mW 

SN54LS202 

J, W 

SN74LS202 

J, N 

t 

WITH POWER-DOWN 

256 X 1 

O-C 

35 ns 

15 ns 

1.1/0.39 mW 

SN54LS302 

J, w 

SN74LS302 

J, N 

t 


266 X 1 

3-Siaie 

36 n$ 

15 ns 

1 . 1 mW 

SN54L3200A 

J, w 

SN74LS2GGA 

J, N 

t 


256 X 1 

3-State 

25 ns 

15 ns 

1.9 mW 

SN54S200A 

J, w 

SN74S200A 

J, N 

t 


256 X 1 

3-State 

42 ns 

17 ns 

1.9 mW 

SN54S201 

J, w 

SN74S201 

J, N 

t 

256-BIT ARRAYS 












256 X 1 

O-C 

35 ns 

15 ns 

1.1 mW 

SN54LS300A 

J, w 

SN74 LS300A 

J, N 

t 


256 X 1 

O-C 

25 ns 

15 ns 

1.9 mW 

SN54S300A 

J, w 

SN74S300A 

J, N 

t 


256 X 1 

O-C 

42 ns 

13 ns 

1.9 mW 

SN54S301 

J, w 

SN74S301 

J, N 

t 


16 X 4 

3-State 

25 ns 

12 ns 

5.9 mW 

SN54S189 

J, w 

SN74S189 

J, N 

t 

64-BIT ARRAYS 

16 X 4 

O-C 

25 ns 

12 ns 

5.9 mW 

SN54S289 

J, w 

SN74S289 

J, N 

t 


16 X4 

O-C 

32 ns 

30 ns 

5.9 mW 



SN7489 

J, N 

t 


16 X 1 

O-C 

15 ns 

15 ns 

14 mW 

SN5481A 

J, w 

SN7481A 

J, N 

t 

16-BIT ARRAYS 












16 X 1 

O-C 

15 ns 

15 ns 

14 mW 

SN5484A 

J, w 

SN7484A 

J. N 

t 

16-BIT MULTIPLE-PORT 












8X2 

3-State 

33 ns 

15 ns 

35 mW 



SN74172 

J, N 

7-245 

REGISTER FILE 












4X4 

O-C 

27 ns 

15 ns 

7.8 mW 

SN54LS170 

J, w 

SN 74 LSI 70 

J, N 

7-237 

16-BIT REGISTER FILE 

4X4 

O-C 

30 ns 

15 ns 

40 mW 

SN54170 

J, w 

SN74170 

J, N 

7-237 


4X4 

3-State 

24 ns 

19 ns 

9.3 mW 

SN54LS670 

J, w 

SN74LS670 

J, N 

7-526 



READ-ONLY MEMORIES (ROM'S)* 


DESCRIPTION 

ORGANI- 

ZATION 

TYPE 

OF 

TYPICAL 

ADDRESS 

TYPICAL 

ENABLE 

TYP POWER 

DISSIPATION 

DEVICE TYPE 

AND PACKAGE 



OUTPUT 

TIME 

TIME 

PER BIT 

— 55°C to 125°C 

0°C to 70 

°C 


512X4 

O-C 

45 ns 

1 5 ns 

0.26 mW 

SN54S270 

J 

SN74S270 

J, N 

2048-BIT ARRAYS 

256 X 8 

O-C 

45 ns 

15 ns 

0.26 mW 

SN54S271 

J 

SN74S271 

J, N 

512 X 4 

3-State 

45 ns 

15 ns 

0.26 mW 

SN54S370 

J 

SN74S370 

J, N 


256 X 8 

3-State 

45 ns 

15 ns 

0.26 mW 

SN54S371 

J 

SN74S371 

J, N 

1024-BIT ARRAYS 

256 X 4 

O-C 

40 ns 

20 ns 

0.46 mW 

SN54187 

J. W 

SN74187 

J, N 

256-BIT ARRAYS 

32 X 8 

O-C 

26 ns 

22 ns 

1.1 mW 

SN5488A 

J, W 

SN7488A 

J, N 


*See Bipolar Microcomputer Components Data Book, LCC4270. 
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TTL 

MSI 


TYPES SN5442A THRU SN5444A, SN54L42 THRU SN54L44, 

SN54LS42, SN7442A THRU SN7444A, 
SN74L42 THRU SN74L44, SN74LS42 
4-LINE-TO-IO-LINE DECODERS (1-OF-IO) 

BULLETIN NO. DL-S 7611861, MARCH 1974-REVISED OCTOBER 1976 

'42A, 'L42, 'LS42 . . . BCD-TO-DECIMAL 
'43A, 'L43 . . . EXCESS-3-TO-DECIMAL 
'44A, 'L44 . . . EXCESS-3-GRAY-TO-DECIMAL 


All Outputs Are High for 
Invalid Input Conditions 

Also for Application as 
4-Line-to-1 6-Line Decoders 
3-Line- to-8-Line Decoders 


SN5442A THRU SN5444A, SN54LS42 . . . J OR W PACKAGE 
SN54L42 THRU SN54L44 . . . J PACKAGE 
SN7442A THRU SN7444A, 

SN74L42 THRU SN74L44, SN74LS42 . . . J OR N PACKAGE 
(TOP VIEW) 


• Diode-Clamped Inputs 


TYPES 

POWER DISSIPATION 

PROPAGATION 

'42A, '43A, ’44A 

140 mW 

17 ns 

'L42, 'L43, 'L44 

70 mW 

49 ns 

'LS42 

35 mW 

17 ns 


description 


v cc A B C D 9 8 7 


1 

—BSBSn 

H 

ws=suMssm^u\ 


These monolithic decimal decoders consist of eight 
inverters and ten four-input NAND gates. The invert- 
ers are connected in pairs to make BCD input data 
available for decoding by the NAND gates. Full 
decoding of valid input logic ensures that all outputs 
remain off for all invalid input conditions. 

The '42 A, 'L42, and 'LS42 BCD-to-decimal decoders, 
the '43A and 'L43 excess-3-to-decimal decoders, and 
the '44A and 'L44 excess- 3-gray-to-decimal decoders feature inputs and outputs that are compatible for use with most 
TTL and other saturated low-level logic circuits. D-c noise margins are typically one volt. 


,0 1 2 3 4 5 6, GND 

OUTPUTS 


positive logic: see function table 


Series 54, 54L, and 54LS circuits are characterized for operation over the full military temperature range of — 55°C to 
125°C; Series 74, 74L, and 74LS circuits are characterized for operation from 0°C to 70°C. 


FUNCTION TABLE 


NO. 

'42A, 'L42, 'LS42 

BCD INPUT 

'43A, 'L43 

EXCESS-3-INPUT 

'44 A, 'L44 

EXCESS-3-GRAY INPUT 

ALL TYPES 

DECIMAL OUTPUT 

D 

C 

B 

A 

D 

C 

B 

A 

D 

C 

B 

A 

0 

1 

2 

3 

4 

5 

5 

7 

S 

9 

0 

L 

L 

L 

L 

L 

L 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

1 

L 

L 

L 

H 

L 

H 

L 

L 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

2 

L 

L 

H 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

3 

L 

L 

H 

H 

L 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

4 

L 

H 

L 

L 

L 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

5 

L 

H 

L 

H 

H 

L 

L 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

6 

L 

H 

H 

L 

H 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

7 

L 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

8 

H 

L 

L 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

9 

H 

L 

L 

H . 

H 

H 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


H 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

a 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

-J 

< 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

> 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


H 

H 

H 

L 

L 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


H 

H 

H 

H 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


H = high level, L - low level 
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7-16 Texas Instruments 



'42A, 'L42, 'LS42 
BCD-TO-DECIMAL DECODERS 



'43 A, 'L43 

EXCESS-3-TO-DECIMAL DECODERS 



OUTPUT D 


OUTPUT 1 


OUTPUT 2 


OUTPUT 3 


OUTPUT * 


OUTPUT 6 


OUTPUT 6 


OUTPUT 7 


OUTPUT 8 




'44A, 'L44 

EXCESS-3-GRAY-TO-DECIMAL DECODERS 


? -c* 


o 

o 


C/1 


CO -H 

z -< 
in u 
4* m 

gs 

f° z 

CO 2 

s s 

> X 
X 
X <= 
X CO 

c z 

c/s 2 

Z A. 

g* 

^ CO 


t; > 


co cji 
Z 4* 

K £ 

S" 

M —I 


'42 A THRU '44A 
'L42 THRU 'L44 
EQUIVALENT OF 
EACH INPUT 



'42A THRU '44A: R eq = 4k£lNOM 
'L42 THRU 'L44; R eq = 8 NOM 


'LS42 

EQUIVALENT OF 
EACH INPUT 



'42A THRU '44A 

'L42 THRU 'L44 'LS42 




CO 


CO 


in 

A 


|- g 


CO 


se 

PO 








TYPES SN5442A, SN5443A, SN5444A, SN7442A, SN7443A, SN7444A 

4-LINE-TO-IO-LINE DECODERS (1-OF-lO) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, V^C (see Note 1) 7 V 

Input voltage • 5.5 V 

Operating free-air temperature range: SN54' Circuits -55°Cto125°C 

SN74' Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTE 1 : Voltage values are with respect to netyvork ground terminal. 


recommended operating conditions 



SN5442A 

SN5443A 

SN5444A 

SN7442A 

SN7443A 

SN7444A 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-800 

800 

juA 

Low- level output cur re mi, *OL 

16 

16 

mA 

Operating free-air temperature, 

-55 1 25 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN5442A 

SN5443A 

SN5444A 

SN7442A 

SN7443A 

SN7444A 

UNIT 

MIN TYP? MAX 

MIN TYP? MAX 

V [ (_( High-level input voltage 


2 

2 

V 

V||_ Low-level input voltage 


0.8 

0.8 

V 

V | x ! nput damp voltage 

V CC = h = — 12 mA 

—1 .5 

— 1.5 

V 

Vqh High-level output voltage 

V cc =MIN, V| H = 2V, 

V||_= 0.8 V, Iqh = -800 MA 

2.4 3.4 

2.4 3.4 

V 

Vql Low-level output voltage 

V C C = MIN, V| H = 2V, 

V| L = 0.8 V, l 0 L=16mA 

0.2 0.4 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V CC = MAX, V| = 5.5 V 

1 

1 

mA 

l|H High-level input current 

V C c = MAX, V | = 2.4 V 

40 

40 

MA 

1 1 L Low level input current 

V CC = MAX, V| = 0.4 V 

-1.6 

-1.6 

mA 

'OS Short-circuit output current^ 

v cc = max 

-20 -55 

-18 -55 

mA 

ICC Supply current 

V C C = max. See Note 2 

28 41 

28 56 

mA 


TFor conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions, 
i- Ail typical values are at Vqq *5 V, = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 2 : l^c is measured with all outputs open and all inputs grounded. 


switching characteristics, VcC = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Propagation delay time, high-to-low-level 

tpHL 

output from A, B, C, or D through 2 levels of logic 

C L = 15 pF, 

R L - 400 n, 

See N ote 3 

14 25 

ns 

Propagation delay time, high-to-low-level 

PHL output from A, B, C, or D through 3 levels of logic 

17 30 

ns 

Propagation delay time, low-to-high-level 

tpLH 

output from A, B, C, and D through 2 levels of logic 

10 25 

ns 

Propagation delay time, low-to-high-level 

tpLH 

output from A, B, C, and D through 3 levels of logic 

17 30 

ns 


NOTE 3: Load circuits and waveforms are shown on page 3-10. 
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TYPES SN54L42, SN54L43, SN54L44, SN74L42, SN74L43, SN74L44 
4-UNE-T0-10-LINE DECODERS (1-OF-IO) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ^ see Note 1) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54L' Circuits — 55°C to 125°C 

SN74L' Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTE 1: Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54L42 

SN54L43 

SN54L44 

SN74L42 

SN74L43 

SN74L44 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current. Ion 

-400 

-400 

mA 

Low-level output current, Iql 

8 

8 

mA 

Operating free-air temperature, 

-55 125 

o 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V|H High-level input voltage 


2 

V 

V||_ Low-level input voltage 


0.8 

V 

V|k Input clamp voltage 

Vcc = MIN. I| = — 12 mA 

- 15 

V 

v OH High-level output voltage 

V C c = MIN, V|H = 2V, 

V|l = 0.8 V, l 0 H = —400 jiA 

2.4 3.4 

V 

Vql Low-level output voltage 

V C C=MIN, V|H = 2V, 

V||_ = 0.8 V, l 0L = 8mA 

0.2 0.4 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

mA 

l|H High-level input current 

V C c = MAX - v l “ 2.4 V 

20 

mA 

l|L Low-level input current 

Vcc = MAX, V| = 0.4 V 

-0.8 

mA 

• OS Short-circuit output current § 

V C c = max 

-9 -28 

mA 

'CC Supply Current 

Vcc = max, 

See Note 2 

SN54L' 

14 22 

mA 

SN74L' 

14 28 


*For conditions shown as MIN or MAX, use the appropriate values specified under recommended operating conditions. 
$AII typical values are at Vqq = 5 V,Ta = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 2: >cc * s measured with all outputs open and inputs grounded. 

switching characteristics, Vcc = 5 V, Ta = 25° C 


| PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

*PHL 

Propagation delay time, high*to-low-ievei 
output from A, B, C, or D through 2 levels of logic 


10 

44 

60 

ns 

*PHL 

Propagation delay time, high-to-low-level 
output from A, B, C, or D through 3 levels of logic 

C L = 15 pF, 

R |_ = 800 SI , 

See Note 3 


46 

70 

ns 

tPLH 

Propagation delay time, low-to-high-level 

output from A, B, C, and D through 2 levels of logic 

10 

34 

50 

ns 

tRLH 

Propagation delay time, low-to-high-level 
output from A, B, C, and D through 3 levels of logic 



52 

70 

ns 


NOTE 3: Load circuit and voltage waveforms are shown on page 3-1 0. 


1076 

-is Texas Instruments 

INCORPORATED 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 






TYPES SN54LS42, SN74LS42 
4-LIIME-T0-10-LIIME DECODERS (1-OF-IO) 

REVISED OCTOBER 1976 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 7 V 

Input voltage 7 V 

Operating free-air temperature range: SN54LS42 — 55°Cto125°C 

SN74LS42 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54LS42 

SN74LS42 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-400 

-400 

mA 

Low-level output current, Iql 

4 

8 

mA 

Onpratinn frPP-air temperature T^ 

-55 125 

2 70 

c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS'*' 

SN54LS42 

SN74LS42 

UNIT 

MIN TYP? MAX 

MIN TYPt MAX 

V|h High-level input voltage 


2 

2 

V 

V|l Low-level input voltage 


0.7 

0.8 

V 

V|K Input clamp voltage 

Vqq = MIN, l| = —18 mA 

-1.5 

-1.5 

V 

Voh High-level output voltage 

V CC = MIN, V| H = 2 V, 

V|L = V|L m ax, lOH = ~ 400 jixA 

2.5 3.5 

2.7 3.5 

V 

Vq|_ Low-level output voltage 

V CC = MIN, V | H = 2 V , | l OL = 4 mA 

0.25 0.4 

0.25 0.4 

V 

V|L = V|L m ax | Iql = 8 mA 


0.35 0.5 

Input current at 
l t 

maximum input voltage 

Vqq = MAX, V| = 7 V 

0.1 

0.1 

mA 

l|H High-level input current 

Vqq = MAX, V| = 2.7V 

20 

20 

MA 

1 1 1 _ Low-level input current 

Vqq = MAX, V | = 0.4 V 

-0.4 

-0.4 

mA 

los Short-circuit output current § 

Vqq = MAX 

-20 -100 

-20 -100 

mA 

ICC Supply current 

Vqq = MAX, See Note 2 

7 13 

7 13 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at Vc.C. = 5 V, = 25°C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 2. Ice * s measured with all outputs open and inputs grounded. 


switching characteristics, Vqc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Propagation delay time, high-to-low-level 

tpHL 

output from A, B, C, or D through 2 levels of logic 

C L = 15 pF, 

R L = 2 kn. 

See Note 4 

15 25 

ns 

Propagation delay time, high-to-low-level 

tpHL 

output from A, B, C, or D through 3 levels of logic 

20 30 

ns 

Propagation delay time, low-to-high-level 

tpLH 

output from A, B, C, and D through 2 levels of logic 

15 25 

ns 

Propagation delay time, low-to-high-level 

tpLH 

output from A, B, C, and D through 3 levels of logic 

20 30 



ns 


NOTE 4: Load circuit and voltage waveforms are shown on page 3-11. 
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TTL 

MSI 


TYPES SN5445, SN7445 
BCD-TO-DECIMAL DECODERS/DRIVERS 

BULLETIN NO. DL-S 7211816, DECEMBER 1972 


FOR USE AS LAMP, RELAY, OR MOS DRIVERS 


featuring 

Full Decoding of Input Logic 

80-mA Sink-Current Capability 

• All Outputs Are Off for Invalid 
BCD Input Conditions 

logic 

FUNCTION TABLE 


NO. 

INPUTS 

OUTPUTS 

D 

C 

B 

A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

1 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

2 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

3 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

4 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

5 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

6 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

7 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

8 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

9 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

Q 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

_l 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

> 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


H = high level (off), L = low level (on) 

description 

These monolithic BCD-to-decima! decoders/drivers 
consist of eight inverters and ten four-input NAND 
gates. The inverters are connected in pairs to make 
BCD input data available for decoding by the NAND 
gates. Full decoding of valid BCD input logic ensures 
that all outputs remain off for all invalid binary input 
conditions. These decoders feature TTL inputs and 
high-performance, n-p-n output transistors designed 
for use as indicator/relay drivers or as open-collector 
logic-circuit drivers. Each of the high-breakdown 
output transistors (30 volts) will sink up to 80 
milliamperes of current. Each input is one normalized 
Series 54/74 load. Inputs and outputs are entirely 
compatible for use with TTL or DTL logic circuits, 
and the outputs are compatible for interfacing with 
most MOS integrated circuits. Power dissipation is 
typically 215 milliwatts. 


SN5445 . . . J OR W PACKAGE 
SN7445 . . . J OR N PACKAGE 
(TOP VIEW) 


INPUTS OUTPUTS 

VCC B C O' r H 8 T 



positive logic: see function table 


functional block diagram 
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TYPES SN5445, SN7445 
BCDTO-DECIMAL DECODERS/DRIVERS 

REVISED OCTOBER 1976 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 7 V 

Input voltage 5.5 V 

Maximum current into any output (off-state) 1 mA 

Operating free-air temperature range: SN5445 Circuits — 55°Cto125°C 

SN7445 Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN5445 

SN7445 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.5 5 5.5 

4.75 5 5.25 

V 

Off-state output voltage 

30 

30 

V 

Operating free-air temperature, T/\ 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


P A RAM PTE R 

TEST CONDITIONS* 

ivlini irrf MAX 

r n 

UIMI 1 

V||-| High-level input voltage 


2 

V 

V||_ Low-level input voltage 


0.8 

V 

V|K Input clamp voltage 

V C C = MIN, l| = — 12 mA 

-1.5 

V 

VQ(on) On-state output voltage 

V C c = MIN, V iH = 2V, 
V|l = 0.8 V 

•o(on) = 80 mA 

0.5 0.9 

V 

'O(on) = 20 mA 

0.4 

1 0 (of f ) Off-state output current 

V C c = MIN, V| H = 2V, 

V| L = 0.8 V, V 0 ( o ff) = 30 V 

250 

mA 

l| Input current at maximum input voltage 

V C c = MAX, V| = 5.5 V 

i 

mA 

l|l-l High-level input current 

V C c = MAX, V, = 2.4 V 

40 

mA 

IjL Low-level input current 

V C c = MAX, V| = 0.4 V 

-1.6 

mA 

Ice Supply current 

V C c = MAX, See Note 2 

SN5445 

43 62 

mA 

SN7445 

43 70 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
$AII typical values are at Vqq = 5 V, T^ = 25° C. 

NOTE 2: I^q is measured with all inputs grounded and outputs open. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPLH 

Propagation delay time, low-to-high-level output 

C[_ = 15 pF, Rj_ = 100 See Note 3 

50 

ns 

tPHL 

Propagation delay time, high-to-low-level output 

50 

ns 


NOTE 3: Load circuit and waveforms are shown on page 3-1 0. 

schematics of inputs and outputs 


EQUIVALENT OF ALL INPUTS 



TYPICAL OF ALL OUTPUTS 
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TYPES SN5446A, '47A, '48, '49, SN54L46, L47, SN54LS47, LS48, LS49, 
SN7446A, '47A, '48, SN74L46, L47, SN74LS47, LS48, LS49 
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 

BULLETIN NO. DL-S 7611811, MARCH 1974-REVISED OCTOBER 1976 


'46A, '47A, 'L46, 'L47 f 'LS47 
feature 

• Open-Collector Outputs 
Drive Indicators Directly 

• Lamp-Test Provision 


'48, 'LS48 
feature 

• Internal Pull-Ups Eliminate 
Need for External Resistors 

• Lamp-Test Provision 


'49, 'LS49 
feature 

• Open-Collector Outputs 

• Blanking Input 


• Leading/Trailing Zero 
Suppression 


Leading/Trailing Zero 
Suppression 


• All Circuit Types Feature Lamp Intensity Modulation Capability 




DRIVER OUTPUTS 

TYPICAL 


TYPE 

ACTIVE 

OUTPUT 

SINK 

MAX 

POWER 

PACKAGES 


LEVEL 

CONFIGURATION 

CURRENT 

VOLTAGE 

DISSIPATION 


SN5446A 

low 

open-collector 

40 mA 

30 V 

320 mW 

J, W 

SN5447A 

low 

open-collector 

40 mA 

15 V 

320 mW 

J, W 

SN5448 

high 

2-kn pull-up 

6.4 mA 

5.5 V 

265 mW 

J,W 

SN5449 

high 

open -collector 

10 mA 

5.5 V 

165 mW 

w 

SN54L46 

low 

open -collector 

20 mA 

30 V 

160 mW 

J 

SN54L47 

low 

open-collector 

20 mA 

15 V 

160 mW 

J 

SN54LS47 

low 

open-collector 

12 mA 

15 V 

35 mW 

J,W 

SN54LS48 

high 

2-kS2 pull-up 

2 mA 

5.5 V 

125 mW 

J,W 

SN54LS49 

high 

open-collector 

4 mA 

5.5 V 

40 mW 

J,W 

SN7446A 

low 

open-collector 

40 mA 

30 V 

320 mW 

J, N 

SN7447A 

low 

open-collector 

40 mA 

15 V 

320 mW 

J, N 

SN7448 

high 

2-kn pull-up 

6.4 mA 

5.5 V 

265 mW 

J, N 

SN74L46 

low 

open-collector 

20 mA 

30 V 

160 mW 

J, N 

SN74L47 

low 

open-collector 

20 mA 

15 V 

160 mW 

J, N 

SN74LS47 

low 

open-collector 

24 mA 

15 V 

35 mW 

J, N 

SN74LS48 

high 

2-kS7 pull-up 

6 mA 

5.5 V 

125 mW 

J, N 

SN74LS49 

high 

open-collector 

8 mA 

5.5 V 

40 mW 

J, N 


'46 A, '47 A, 'L46, 'L47, 'LS47 
(TOP VIEW) 


'48, 'LS48 
(TOP VIEW) 


'49, 'LS49 
(TOP VIEW) 



positive logic: see function tables 
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TYPES SN5446A, '47A, '48. '49, SN54L46, L47, SN54LS47, LS48, LS49, 
SN7446A, '47A, '48, SN74L46, 'L47, SN74LS47, LS48, LS49 
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 


description 

The '46A, 'L46, '47A, 'L47, and 'LS47 feature active-low outputs designed for driving common-anode VLEDs or 
incandescent indicators directly, and the '48, '49, 'LS48, 'LS49 feature active-high outputs for driving lamp buffers or 
common-cathode VLEDs. All of the circuits except '49 and 'LS49 have full ripple-blanking input/output controls and a 
lamp test input. The '49 and 'LS49 circuits incorporate a direct blanking input. Segment identification and resultant 
displays are shown below. Display patterns for BCD input counts above 9 are unique symbols to authenticate input 
conditions. 

The '46A, '47A, '48, 'L46, 'L47 , 'LS47, and 'LS48 circuits incorporate automatic leading and/or trailing-edge 
zero-blanking control (RBI and RBO). Lamp test (LT) of these types may be performed at any time when the BI/RBO 
node is at a high level. All types (including the '49 and 'LS49) contain an overriding blanking input (Bl) which can be 
used to control the lamp intensity by pulsing or to inhibit the outputs. Inputs and outputs are entirely compatible for 
use with TTL or DTL logic outputs. 

The SN54246/SN74246 through '249 and the SN54LS247/SN74LS247 through 'LS249 compose the S and 
the 9 with tails and have been designed to offer the designer a choice between two indicator fonts. The 
SN54249/SN74249 and SN54LS249/SN74LS249 are 16-pin versions of the 14-pin SN5449 and 'LS49. Included in the 
'249 circuit and 'LS249 circuits are the full functional capability for lamp test and ripple blanking, which is 
not available in the '49 or 'LS49 circuit. 



d 


SEGMENT 

IDENTIFICATION 


( 1 


— i 

— 1 




1 





1 1 

l=Ti — 1 

i i 

i 

lz" 

zi 

i 

_i 

□ 

i 

iZl 

i 

IZ 

Z] 


i— n=i i 


u 2 3 4 5 6 7 8 3 10 1 1 12 1 3 14 15 

NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS 


'46A, '47A/L46, 'L47, 'LS47 FUNCTION TABLE 


DECIMAL 

OR 

FUNCTION 

INPUTS 

BI/RBO* 

OUTPUTS 

NOTE 

LT 

RBI 

D 

c 

B 

1 

A 

a 

b 

c 

d 

e 

f 

9 

0 

H 

H 

L 

L 

L 

L 


H 

ON 

ON 

ON 

ON 

ON 

ON 

OFF 


1 

H 

X 

L 

L 

L 

H 


H 

OFF 

ON 

ON 

OFF 

OFF 

OFF 

OFF 


2 

H 

X 

L 

L 

H 

L 


H 

ON 

ON 

OFF 

ON 

ON 

OFF 

ON 


3 

H 

X 

L 

L 

H 

H 


H 

ON 

ON 

ON 

ON 

OFF 

OFF 

ON 


4 

H 

X 

L 

H 

L 

L 


H 

OFF 

ON 

ON 

OFF 

OFF 

ON 

ON 


5 

H 

X 

L 

H 

L 

H 


H 

ON 

OFF 

ON 

ON 

OFF 

ON 

ON 


6 

H 

X 

L 

H 

H 

L 


H 

OFF 

OFF 

ON 

ON 

ON 

ON 

ON 


7 

H 

X 

L 

H 

H 

H 


H 

ON 

ON 

ON 

OFF 

OFF 

OFF 

OFF 


8 

H 

X 

H 

L 

L 

L 


H 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

1 

9 

H 

X 

H 

L 

L 

H 


H 

ON 

ON 

ON 

OFF 

OFF 

ON 

ON 


10 

H 

X 

H 

L 

H 

L 


H 

OFF 

OFF 

OFF 

ON 

ON 

OFF 

ON 


11 

H 

X 

H 

L 

H 

H 


H 

OFF 

OFF 

ON 

ON 

OFF 

OFF 

ON 


12 

H 

X 

H 

H 

L 

L 


H 

OFF 

ON 

OFF 

OFF 

OFF 

ON 

ON 


13 

H 

X 

H 

H 

L 

H 


H 

ON 

OFF 

OFF 

ON 

OFF 

ON 

ON 


14 

H 

X 

H 

H 

H 

L 


H 

OFF 

OFF 

OFF 

ON 

ON 

ON 

ON 


15 

H 

X 

H 

H 

H 

H 


H 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 


Bl 

X 

X 

X 

X 

X 

X 


L 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

2 

RBI 

H 

L 

L 

L 

L 

L 


L 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

OFF 

3 

LT 

L 

X 

X 

X 

X 

X 


H 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

4 


H = ^igh level, L = low level, X = irrelevant 

NOTtS: 1. The blanking input (Bl) must be open or held at a high logic level when output functions 0 through 15 are desired. The 
ripple-blanking input (RBI) must be open or high if blanking of a decimal zero is not desired. 

2. When a low logic level is applied directly to the blanking input (Bl), ail segment outputs are off regardless of the level of any 
other input. 

3. When ripple-blanking input (RBI) and inputs A, B, C, and D are at a low level with the lamp test input high, all segment outputs 
go off and the ripple-blanking output (RBO) goes to a low level (response condition). 

4. When the blanking input/ripple blanking output (BI/RBO) is open or held high and a low is applied to the lamp-test input, all 
segment outputs are on. 

^BI/RBO is wire-AND logic serving as blanking input (Bl) and/or ripple-blanking output (RBO). 
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TYPES SN5446A, 47 A, '48, '49, SN54L46, L47, SN54LS47, LS48, LS49, 
SN7446A, '47A, '48, SN74L46, 'L47, SN74LS47, 'LS48, 'LS49 
BCD-TO SEVEN-SEGMENT DECODERS/DRIVERS 


'48, 'LS48 
FUNCTION TABLE 


decimal 

OR 

FUNCTION 

INPUTS 

BI/RBO* 

OUTPUTS 

NOTE 

LT 

RBI 

D 

c 

B 

A 

a 

b 

c 

d 

e 

f 

9 

0 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 


1 

H 

X 

L 

L 

L 

H 

H 

L 

H 

H 

L 

L 

L 

L 


2 

H 

X 

L 

L 

H 

L 

H 

H 

H 

L 

H 

H 

L 

H 


3 

H 

X 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 


4 

H 

X 

L 

H 

L 

L 

H 

L 

H 

H 

L 

L 

H 

H 


5 

H 

X 

L 

H 

L 

H 

H 

H 

L 

H 

H 

L 

H 

H 


6 

H 

X 

L 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 


7 

H 

X 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 


8 

H 

X 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 


9 

H 

X 

H 

L 

L 

H 

H 

H 

H 

H 

L 

L 

H 

H 


10 

H 

X 

H 

L 

H 

L 

H 

L 

L 

L 

H 

H 

L 

H 


11 

H 

X 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

L 

H 


12 

H 

X 

H 

H 

L 

L 

H 

L 

H 

L 

L 

L 

H 

H 


13 

H 

X 

H 

H 

L 

H 

H 

H 

L 

L 

H 

L 

H 

H 


14 

H 

X 

H 

H 

H 

L 

H 

L 

L 

L 

H 

H 

H 

H 


15 

H 

X 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 


Bl 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

2 

RBI 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

3 

LT 

L 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

4 


H = high level, L = low level, X = irrelevant 

NOTES: 1. The blanking input (Bl) must be open or held at a high logic level when output functions 0 through 15 are desired. The 
ripple-blanking input (RBI ) must be open or high, if blanking of a decimal zero is not desired. 

2. When a low logic level is applied directly to the blanking input (Bl), all segment outputs are low regardless of the level of any 
other input . 

3. When ripple-blanking input (RBI) and inputs A, B, C, and D are at a low level with the lamp-test input high, all segment outputs 
go low and the ripple-blanking output { RBO) goes to a low level (response condition). 

4. When the blanking input/ripple-blanking output (BI/RBO) is open or held high and a low is applied to the lamp-test input, ail 
segment outputs are high. 

tBI/RBO is wire-AND logic serving as blanking input (Bl) and/or ripple-blanking output (RBO). 



'49, 'LS49 
FUNCTION TABLE 


DECIMAL 

OR 

FUNCTION 

INPUTS 

OUTPUTS 

NOTE 

D 

C 

B 

A 

Bl 

a 

b 

c 

d 

e 

f 

g 

0 

L 

L 

L 

L 

H 

H 

R 

H 

H 

H 

H 

L 


1 

L 

L 

L 

H 

H 

L 

H 

H 

L 

L 

L 

L 


2 

L 

L 

H 

L 

H 

H 

H 

L 

H 

H 

L 

H 


3 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 


4 

L 

H 

L 

L 

H 

L 

H 

H 

L 

L 

H 

H 


5 

L 

H 

L 

H 

H 

H 

L 

H 

H 

L 

H 

H 


6 

L 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 


7 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 


8 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 


9 

H 

L 

L 

H 

H 

H 

H 

H 

L 

L 

H 

H 


10 

H 

L 

H 

L 

H 

L 

L 

L 

H 

H 

L 

H 


11 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

L 

H 


12 

H 

H 

L 

L 

H 

L 

H 

L 

L 

L 

H 

H 


13 

H 

H 

L 

H 

H 

H 

L 

L 

H 

L 

H 

H 


14 

H 

H 

H 

L 

H 

L 

L 

L 

H 

H 

H 

H 


15 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 


Bl 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

2 


H = high level, L = low level, X = irrelevant 

NOTES: 1 . The blanking input (Bl) must be open or held at a high logic level when output functions 0 through 15 are desired. 

2. When a low logic level is applied directly to the blanking input (Bl), all segment outputs are low regardless of the level of any 
other input . 
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TYPES SN5446A, '47A f '48. '49, SN54L46, 'L47, SN54LS47, 'LS48, 'LS49, 
SN7446A, '47A, '48. SN74L46, 'L47, SN74LS47, 'LS48. 'LS49 
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 


functional block diagrams 


'46A, '47 A, 'L46, 'L47, 'LS47 '48, 'LS48 
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TYPES SN5446A, '47A, '48, 49, SN54L46, 147, 

SN7446A, '47A, '48, SN74L46, 147 

BCD TO-SEVEN-SEGMENT DECODERS/DRIVERS 


schematics of inputs and outputs 


'46A, '47A, '48. '49. 'L46, 'L47 


EQUIVALENT OF EACH INPUT 
EXCEPT BI/RBO 



SN547SN74': R eq = 6 kfi NOM 
SN54L7SN74L7 R eq = 8 kfi NOM 


'46 A, '47A, '48 
EQUIVALENT OF BI/RBO 


V CC 



'L46, 'L47 


EQUIVALENT OF BI/RBO 

V CC 




'46A, '47 A 


'L46, 'L47 



TYPICAL OF OUTPUTS 
a THRU g 



'49 
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TYPES SN5446A, SN5447A, SN7446A. SN7447A 
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 



7-28 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VqC (se® Note 1 ) 7 V 

Input voltage 5.5 V 

Current forced into any output in the off state 1 mA 

Operating free-air temperature range: SN5446A, SN5447A — 55°Cto125°C 

SN7446A, SN7447A . 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 


recommended operating conditions 



SN5446A 

SN5447A 

SN7446A 

SN7447A 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.5 5 5.5 

4.75 5 5.25 

4.75 5 5.25 

V 

Off-state output voltage, VQ(off) 

a thru g 

30 

15 

30 

15 

V 

On-state output current, lo(on) 

a thru g 

40 

40 

40 

40 

mA 

High-level output current, Ioh 

BI/RBO 

-200 

-200 

-200 

-200 

nA 

Low-level output current, Iql 

BI/RBO 

8 

8 

8 

8 

mA 

Operating free-air temperature, T/\ 

-55 1 25 

-55 125 

0 70 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V|h High-level input voltage 


2 

V 

V|i_ Low-level input voltage 


0.8 

V 

V|k Input clamp voltage 

Vcc = MIN, 1 1 - —1 2 mA 

-1.5 

V 

VoH High-level output voltage 

BI/RBO 

V CC = MIN, V| H = 2V, 

V|l = 0.8 V, I O h = -200mA 

2.4 3.7 

V 

Vol Low-level output voltage 

BI/RBO 

V C c = MIN, V|h = 2V, 

V||_ = 0.8 V, loL = 8 mA 

0.27 0.4 

V 

*0(off) Off-state output current 

a thru g 

V C c = MAX, V|h = 2V, 

V||_ = 0.8 V, V 0 ( 0 ff) = MAX 

250 

mA 

Vo(on) On-state output voltage 

a thru g 

V C c = MAX, V| H = 2V, 

V|l = 0.3V, lo(on) =40mA 

0.3 0.4 

V 

l| Input current at maximum input voltage 

Any input 
except BI/RBO 

Vcc = MAX, V| = 5.5 V 

1 

mA 

l|H High-level input current 

Any input 
except BI/RBO 

V C C = MAX, V| = 2.4 V 

40 

mA 

l|L Low-level input current 

Any input 
except BI/RBO 

Vcc = MAX, v l = 0.4 v 

-1.6 

mA 

BI/RBO 

-4 

Iqs Short-circuit output current 

BI/RBO 

V C c = max 

-4 

mA 

ICC Supply current 

Vcc = max, 

See Note 2 

SN54’ 

64 85 

mA 

SN74' 

64 103 


f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AII typical values are at Vcc = 5 V, T — 25°C. 

NOTE 2: Ice »s measured with all outputs open and all inputs at 4.5 V. 


switching characteristics, VcC = 5V,T/\ = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

t c ff Turn-off time from A input 

C|_=15pF, R L =120n, 

See Note 3 

100 

ns 

t on Turn-on time from A input 

100 

tgff Turn-off time from RBI input 

100 

ns 

t on Turn-on time from RBI input 

100 


NOTE 3: Load circuit and voltage waveforms are shown on page 3-10; t Q ff corresponds to tp|_j_j and t on corresponds to tpj-j j__. 
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TYPES SNS4L46, SN54L47. SN74L46. SN74L47 
BCD-TO-SEVEN-SEGMENT OECODERS/DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ( see Note 1 ) 7 V 

Input voltage 5.5 V 

Peak output current (t w < 1 ms, duty cycle < 10%) 200 mA 

Current forced into any output in the off state 1 mA 

Operating free-air temperature range: SN54L46, SIM54L47 . , - — 55°Cto125°C 

SN74L46, SN74L47 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 


recommended operating conditions 



SN54L46 

SN54L47 

SN74L46 

SN74L47 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.5 5 5.5 

4.5 5 5.5 

4.75 5 5.25 

4.75 5 5.25 

mm 

Off-state output voitage, v'o(off) 

a thru g 

30 

15 

30 

15 

v 

On-state output current, lo(on) 

a thru g 

20 

20 

20 

20 


High-level output current, Ioh 

BI/RBO 

-100 

-100 

-100 

-100 


Low-level output current, Iql 

BI/RBO 

4 

4 

4 

4 


Operating frse-asr temperature, 7 ^ 



0 70 

0 70 

V f 

r 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

Vn-i High-level input voltage 


2 

V 

V 1 1 _ Low-level input voltage 


0.8 

V 

V||< Input clamp voltage 

Any input 
except BI/RBO 

V C c = M'N, 1 1 = — 12 mA 

-1.5 

V 

Vqh High-level output voltage 

BI/RBO 

V CC = MIN, V| H = 2V, 

V||_ = 0.8V, lOH = ~ 100 p A 

2.4 3.4 

V 

Vql Low-level output voltage 

BI/RBO 

V CC = MIN, V| H = 2V, 

V||_ = 0.8 V, l 0L = 4mA 

0.2 0.4 

V 

1 0 (off) Off-state output current 

a thru g 

V CC = max, V|H = 2V, 

V| L = 0.8V, V 0(o ff) = MAX 

250 

H A 

VQ(on) On-state output voltage 

a thru g 

V C c=MAX, V|h=2V, 

V|L = 0.8 V, lo(on) = 20mA 

0.3 0.4 

V 

t| Input current at maximum input voltage 

Any input 
except BI/RBO 

Vqc = MAX, V| = 5.5 V 

1 

mA 

l|H High-level input current 

Any input 
except BI/RBO 

Vcc = MAX, V| = 2.4 V 

20 

MA 

1 1 (_ Low-level input current 

Any input 
except BI/RBO 

V C c = MAX, V| = 0.4 V 

-0.8 

mA 

BI/RBO 

-2 

Iqs Short-circuit output current 

BI/RBO 

V C c = max 

-2 

mA 

ICC Supply current 

Vcc = max. 

See Note 2 

SN54L’ 

32 43 

mA 

SN74L’ 

32 52 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
f All typical values are at V qq = 5V,T^ = 25°C. 

NOTE 2: Iqq is measured with all outputs open and all inputs at 4.5 V. 


switching characteristics, Vqc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

toff Turn-off time from A input 

C[_ =15 pF, R L = 280n, 

See Note 3 

200 

ns 

ton' Turn-on time from A input 

200 

toff Turn-off time from RBI input 

200 

ns 

ton Turn-on time from RBI input 

200 


NOTE 3: Load circuit and voltage waveforms are shown on page 3-10;t o ff corresponds to tp|_n and t on corresponds to tpn L* 
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TYPES SN54LS47, SN74LS47 
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 

REVISED OCTOBER 1976 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (se e Note 1 ) 7 V 

Input voltage 7 V 

Peak output current (t w < 1 ms, duty cycle < 10%) 200 mA 

Current forced into any output in the off state 1 mA 

Operating free-air temperature range: SN54LS47 -55°C to 125°C 

SN74LS47 0°Cto70°C 

Storage temperature range -65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 


recommended operating conditions 



SN54LS47 

SN74LS47 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

Off-state output voltage, VQ( 0 ff) 

a thru g 

15 

15 

V 

On-state output current, lo(on) 

a thru g 

12 

24 

mA 

High-level output current, Ioh 

BI/RBO 

-50 

-50 

pA 

Low-level output current, Iql 

BI/RBO 

1.6 

3.2 

mA 

Operating free-air temperature, T a 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS47 

SN74LS47 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|H High-level input voltage 


2 

2 

V 

V| (_ Low-level input voltage 


0.7 

0.8 

V 

V||< Input clamp voltage 

Vcc = MIN. 1 1 =—18 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

BI/RBO 

Vqc = MIN, Vjj-| = 2V, 

V|l = V| l max, Iqh = "50 /^A 

2.4 4.2 

2.4 4.2 

V 

Vql Low-level output voltage 

BI/RBO 

V C c “ MIN, 

V| H = 2 V, 

V|l - V|i_ max 

1(3 L = 1*6 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 3.2 mA 


0.35 0.5 

’O(off) Off-state output current 

a thru g 

V C c = MAX, V| h = 2 V, 

V|L = V|L max, Vo( 0 ff) = 15V 

250 

250 

pA 

v O(on) On-state output voltage 

a thru g 

V C c= max, 

V m = 2 V, 

V|l = Vj|_ max 

'Ofon) = 12 mA 

0.25 0.4 

0.25 0.4 

V 

l 0 (on) = 24 mA 


0.35 0.5 

!| Input current at maximum input voltage 

V CC =MAX, Vj = 7 V 

0.1 

0.1 

mA 

l|H High-level input current 

Vcc = MAX, V| = 2.7 V 

20 

20 

pA 

l|L Low-level input current 

Any input 

except BI/RBO 

Vcc = MAX, V| = 0.4 V 

-0.4 

-0.4 

mA 

BI/RBO 

-1.2 

-1.2 

Short-circuit 

•os 

output current 

BI/RBO 

V C c = max 

-0.3 -2 

-0.3 -2 

mA 

*CC Supply current 

Vcc = MAX, See Note 2 

7 13 

7 13 

mA 


*For conditions shown as Mil's! or MAX, use the appropriate value specified under recommended operating conditions, 
■t All typical values are at V^c = 5 V, = 25°C. 

NOTE 2: Iqq is measured with all outputs open and all inputs at 4.5 V. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

loff Turn-off time from A input 

Cl = 15 pF, R l = 665 n. 
See Note 4 

100 

ns 

ion Turn-on time from A input 

100 

toff Turn-off time from RBI input 

100 

ns 

top Turn-on time from RBI input 

100 


NOTE 4: Load circuit and voltage waveforms are shown on page 3-1 1 ; t 0 ff corresponds to tp LH and t on corresponds to tpj_u_. 
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TYPES SN5448, SN7448 
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN5448 -55°Cto125°C 

SN7448 0°C to 70° C 

Storage temperature range — 65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN5448 

SN7448 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, !qh 

a thru g 

-400 

-400 


BI/RBO 

-200 

-200 

Low-level output current, Iql 

a thru g 



mA 

RI/RRD 

8 

8 

Operating free-air temperature, T^ 

-55 125 

0 70 

“C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V 1 1 -| High-level input voltage 


2 

V 

V|i_ Low-level input voltage 


0.8 

V 

V 1 1 < Input clamp voltage 

Vcc = MIN, l| = — 12 mA 

-1.5 

V 

v OH High-level output voltage 

a thru g 

V C c = MIN, V|h - 2 V, 

V|(_ = 0.8 V, l OH = MAX 

2.4 4.2 

V 

BI/RBO 

2.4 3.7 

Iq Output current 

a thru g 

Vcc = min, v 0 = 0.85 V, 
Input conditions as for Voh 

-1.3 -2 

mA 

Vql Low-level output voltage 

V C c = MIN, v IH = 2v - 
V| |_ = 0.8 V, Iql = MAX 

0.27 0.4 

V 

l| Input current at maximum input voltage 

Any input 
except BI/RBO 

V C c = MAX, V| = 5.5 V 

1 

mA 

1 1 High-level input current 

Any input 
except BI/RBO 

V C c = MAX, V, = 2.4 V 

40 

MA 

l| i_ Low-level input current 

Any input 

except BI/RBO 

Vcc = MAX, V| = 0.4 V 

-1.6 

mA 

BI/RBO 

-4 

Iqs Short-circuit output current 

BI/RBO 

V cc = MAX 

-4 

mA 

Icc Supply current 

V C c = M| N, 

See Note 2 

SN5448 

53 76 

mA 

SN7448 

53 90 


^ For conditions shown as MIN or MAX, use the appropriate value specif ied under recommended operating conditions, 
t All typical values are at Vqq = 5 V,Ta = 25°C. 

NOTE 2: I^q is measured with all outputs open and all inputs at 4.5 V. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tpHL Propagation delay time, high-to-low-level output from A input 

C L = 15 pF, r l = 1 kn. 

See Note 5 

100 

ns 

tpLH Propagation delay time, low-to-high-level output from A'input 

100 

tpHL Propagation delay time, high-to-low-level output from RBI input 

100 

ns 

tpLH Propagation delay time, low-to-high-level output from RBI input 

100 


NOTE 5: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54LS48, SN74LS48 
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 

REVISED OCTO BER 1976 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1 ) 7 V 

Input voltage 7 V 

Operating free-air temperature range: SN54LS48 — 55°Cto125°C 

SN74LS48 0°C to 70°C 

Storage temperature range — 65Cto150C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54LS48 

SN74LS48 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

a thru g 

-100 

-100 

m a 

BI/RBO 

-50 

-50 

Low-level output current, Iql 

a thru g 

2 

6 

mA 

BI/RBO 

1.6 

3.2 

Operating free-air temperature, T a 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS48 

SN74LS48 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|H High-level input voltage 


2 

2 

V 

V 1 1 _ Low-level input voltage 


0.7 

0.8 

V 

V|K Input clamp voltage 

V C c = MIN, 1 1 = — 1 8 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

a thru g and 

BI/RBO 

V C c = MIN, V|h = 2V, 

V | l = V|L max, Iqh = MAX 

2.4 4.2 

2.4 4.2 

V 

Iq Output current 

a thru g 

V C c = MIN, Vo = 0.85 V, 

Input conditions as for Vqh 

-1.3 -2 

-1.3 -2 

mA 


a thru g 

V C c= min, 

V,h = 2V, 

V | l = V|l max 

1q L ~ 2 mA 

0.25 0.4 

0.25 0.4 

V 

*OL = 6 mA 


0.35 0.5 


BI/RBO 

V C C= MIN, 

V m = 2V, 

V|l = V|l max 

Iql = 1-6 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 3.2 mA 


0.35 0.5 

Input current at 
l| 

maximum input voltage 

Any input 
except BI/BRO 

Vcc = MAX, V| = 7 V 

0.1 

0.1 

mA 

i ] h High-level input current 

Any input 
except BI/RBO 

V CC - MAX, V, = 2.7 V 

20 

20 

mA 

l|L Low-level input current 

Any input 
except BI/RBO 

Vcc = MAX, V, = 0.4 V 

-0.4 

-0.4 

mA 

BI/RBO 

-1.2 

-1.2 

Short-circuit 

Ins 

output current 

BI/RBO 

V C c= max 

-0.3 -2 

-0.3 -2 

mA 

•CC Supply current 

Vcc = MAX, See Note 2 

N) 

cn 

CO 

CO 

25 38 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AII typical values are at V^c - 5 V, T & 25°C. 

NOTE 2: Iqq is measured with all outputs open and all inputs at 4.5 V. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tpHL Propagation delay time, high-to-low-level output from A input 

Cl =15 pF, R L = 4kf2, 

100 

ns 

tPLH Propagation delay time, low-to-high-level output from A input 

See Note 6 

100 

tPHL Propagation delay time, high-to-low-level output from RBI input 

Cl = 15pF, Rc = 6kU, 

100 


l PLH Propagation delay time, low-to-high-level output from RBI input 

See Note 6 

100 



NOTE 6: Load circuit and voltage waveforms are shown on page 3-1 1 . 
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TYPE SN5449 

BCD-TO-SEVEN-SEGMENT DECODER/DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, V^C (see Note 1 ) 7 V 

Input voltage 5.5 V 

Current forced into any output in the off state 1 mA 

Operating free-air temperature range — 55° C to 125°C 

Storage temperature range — 65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN5449 

UNIT 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

V 

High-level output voltage, Voh 

5.5 

V 

Low-level output current, Iql 

10 

mA 

Operating free-air temperature, T a 

-55 125 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN5449 

UNIT 

MIN TYP$ MAX 

V | |_i High-level input voltage 


2 

V 

V 1 1 _ Low-level input voltage 


0.6 

V 

V|k Input clamp voltage 

V CC = MIN, l| = — 10 mA 

-1.5 

V 

IqH High-level output current 

Vcc = MIN, V|H = 2V, 
V| L = 0.8 V, Vqh = 5.5 V 

250 

mA 

Vql Low-level output voltage 

V C C = MIN, V| H = 2V, 
V[ L = 0.SV, ! OL = 10mA 

0.27 0.4 

V 

l| Input current at maximum input voltage 

V C c = MAX, v l = 5.5 V 

1 

mA 

l|H High-level input current 

V C c = MAX, v l = 2.4 V 

40 

MA 

I| |_ Low-level input current 

V C c = MAX, v l = 0 4 v 

-1.6 

mA 

ICC Supply current 

V C c = MAX, See Note 2 

33 47 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
4- A! I typical values are at Vqq = 5 V, = 25°C. 

NOTE 2: is measured with all outputs open and all inputs at 4.5 V. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

IPHL Propagation delay time, high-to-low-level output from A input 

CL^ISpF, R l = 667 12, 

See Note 5 

100 

ns 

iPLH Propagation delay time, low-to-high-level output from A input 

100 

tpHL Propagation delay time, high-to-low-level output from RBI input 

100 

ns 

tpy-| Propagation delay time, low-to-high-level output from RBI input 

100 


NOTE 5: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54LS49, SN74LS49 
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS 

REVISED OCTOBER 1976 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 7 V 

Input voltage 7 V 

Current forced into any output in the off state 1mA 

Operating free-air temperature range: SN54LS49 — 55°Cto125°C 

SN74LS49 0°C to 70° C 

Storage temperature range — 65° C to 150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54LS49 

SN74LS49 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output voltage, Vqh 

5.5 

5.5 

V 

Low-level output current, Iol 

4 

8 

mA 

Operating free-air temperature, T^\ 

-55 125 

o 

r- 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS49 

SN74LS49 

UNIT 

MIN TYPt 

MAX 

MIN TYPt 

MAX 

V|H 

High-level input voltage 


2 

2 

V 

VlL 

Low-level input voltage 


0.7 

0.8 

V 

V|K 

Input clamp voltage 

V CC = MIN, 

l| = -18 mA 

-1.5 

-1.5 

V 

'OH 

High-level output current 

VqC = MIN, 

Vj l - Vjl max. 

V| H = 2V, 

V 0 H = 5.5 V 

250 

250 

pA 

v OL 

Low-level output voltage 

Vcc = MIN, 

V, h = 2V, 

V|l = V|l max 

'OL = 4 mA 

0.25 

0.4 

0.25 

0.4 

V 

*OL = 8 mA 


0.35 

0.5 

'I 

Input current at maximum input voltage 

Vcc = MAX - 

V| = 7 V 

0.1 

0.1 

mA 

1 1 H 

High-level input current 

V C c = max. 

V| = 2.7 V 

20 

20 

pA 

'IL 

Low-level input current 

Vcc = MAX, 

V| = 0.4 V 

-0.4 

-0.4 

mA 

'cc 

Supply current 

Vcc = max. 

See Note 2 

8 

15 

8 

15 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$Ail typical values are at Vqq = 5 V, = 25°C. 

NOTE 2: I qq is measured with all outputs open and all inputs at 4.5 V. 


switching characteristics, VQC = 5 V, Ta = 25° C 


I PARAMETER 

! TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPHL 

Propagation delay time, high-to-low-level output from A input 

C L = 15pF, 

R|_ = 2 kf2. 

100 

ns 

tPLH 

Propagation delay time, low-to-high-level output from A input 

See Note 6 


100 

*PHL 

Propagation delay time, high-to-low-level output from RBI input 

C L = 15 pF, 

R[_ = 6 kfi. 

100 


tPLH 

Propagation delay time, low-to-high-level output from RBI input 

See Note 6 


100 



NOTE 6: Load circuit and voltage waveforms are shown on page 3-11. 
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MSI 


TYPES SN5475, SN5477. SN54L75, SN54L77. SN54LS75, SN54LS77, 

SN7475, SN74L75, SN74L77, SN74LS75 
4-BIT BISTABLE LATCHES 

BULLETIN NO. DL-S 7611851, MARCH 1974-REVISED OCTOBER 1976 


logic 


FUNCTION TABLE 
(Each Latch) 


INPUTS 

OUTPUTS 

D G 

0 

01 

L H 

H H 

X L 

L H 

H L 

Qo q 0 


H = high level, L = low level, X = irrelevant 

Qq = the level of Q before the high-to-low transition of G 


description 


These latches are ideally suited for use as temporary 
storage for binary information between processing 
units and input/output or indicator units. Informa- 
tion present at a data (D) input is transferred to the Q 
output when the enable (G) is high and the Q output 
will follow the data input as long as the enable 
remains high. When the enable goes low, the informa- 
tion (that was present at the data input at the time 
the transition occurred) is retained at the Q output 
until the enable is permitted to go high. 

The '75, 'L75, and 'LS75 feature complementary G 
and Q outputs from a 4-bit latch, and are available in 
various 16-pin packages. For higher component 
density applications, the '77, 'L77, and 'LS77 4-bit 
latches are available in 14-pin flat packages. 

These circuits are completely compatible with all 
popular TTL or DTL families. All inputs are diode- 
clamped to minimize transmission-line effects and 
simplify system design. Series 54, 54L, and 54LS 
devices are characterized for operation over the full 
military temperature range of — 55° C to 125°C; 
Series 74, 74L, and 74LS devices are characterized 
for operation from 0°C to 70°C. 


SN5475, SN54LS75 . . , J OR W PACKAGE 
SN54L75 . . . J PACKAGE 

SN7475, SN74L75, SN74LS75 . . . J OR N PACKAGE 
(TOP VIEW) 



SN5477, SN54LS77 . . . W PACKAGE 
SN54L77, SN74L77 . . . T PACKAGE 


ENABLE 

2Q 1-2 GND 


14 M 13 M 12 M 11 


10 


■ 

mm 

si 

U 


■ 




1 

1 

1 


1 

■i 

I 

| 


I 

p 

| 



1 

I 

■ 

™ ■ 



1 


■1 


■ 


ENABLE 

3-4 


VCC 


logic: see function table 


NC— No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VqC ( see Note 1 ) 7 V 

Input voltage: '75, 'L75, '77, 'L77 5.5 V 

'LS75/LS77 7 V 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54', SN54L', SN54LS' Circuits — 55°Cto125°C 

SN74',SN74L’,SN74LS’ Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTES: 1 . Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter input transistor and is not applicable to the 'LS75 and 'LS77. 
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TYPES SN5475, SN5477, SN54L75, SN54L77. SN54LS75, SN54LS77, 
SN7475. SN74L75, SN74L77, SN74LS75 
4-BIT BISTABLE LATCHES 


functional block diagrams (each latch) 

'75, n, 'L75, 'L77 



-Q 

('75 and 'L75) 


TO 

OTHER ◄ 4 

LATCH 

ENABLE 

schematics of inputs and outputs 



ENABLE 


'75, '77 


'L75, 'L77 


'LS75, 'LS77 


EQUIVALENT OF EACH INPUT 



Data: Req — 2 kfi NOM 

Enable: Req = 1 kS7 NOM 


EQUIVALENT OF EACH INPUT 



Data: Req - 4 kQ NOM 

Enable: Req = 2 k SI NOM 


EQUIVALENT OF EACH INPUT 



Data: Req = 17 k Cl 

Enable: Req = 4.2 kQ 


•75, n 


'L75, 'L77 


'LS75, 'LS77 
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TYPES SN5475, SN5477, SN7475 
4-BIT BISTABLE LATCHES 


recommended operating conditions 



SN5475, SN5477 

SN7475 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

—400 

-400 

mA 

Low-level output current, Iol 

16 

16 

mA 

Width of enabling pulse, t w 

20 

20 

ns 

Setup time, t su 

20 

20 

ns 

Hold time,th 

5 

5 

ns 

Operating free-air temperature, Ta 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPf MAX 

UNIT 

V|p| High-level Input voltage 


2 

V 

V 1 1 _ Low-level input voltage 


0.8 

V 

V|K Input clamp voltage 

Vcc = MIN, Ij = — 12 mA 

-1.5 

V 

Vqh High-level output voltage 

V CC = MIN, Vj H = 2V. 

V| L = 0.8 V, Iqh = -400 M 

2.4 3.4 

V 

Vol Low-level output voltage 

V CC = MIN, V| H = 2V, 

V||_ = 0.8V, lQL = 16mA 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V C c = MAX, V| = 5.5 V 

1 

mA 

l|H High-level input current 

D input 

Vcc = MAX, V| = 2.4 V 

80 

M A 

G Input 

160 

1 1 1 _ Low-level input current 

D input 

Vcc = MAX, V | = 0.4 V 

-3.2 

mA 

G input 

-6.4 

Iqs Short-circuit output currents 

V CC = MAX 

SN54' 

-20 -57 

mA 

SN74' 

-18 -57 

ICC Supply current 

Vqc = MAX, 

See Note 3 

SN54' 

32 46 

mA 

SN74' 

32 53 


* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
4 All typical values are at Vq C = 5 V,T a = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 3: Iqq is tested with all inputs grounded and all outputs open. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 0 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tPLH 


Q 


16 

30 


tPHL 



14 

25 


tPLHil 



C L = 15 pF, 

R L = 400 n. 

See Figure 1 

24 

40 


tPHLl 



7 

15 


tpLH 

G 


16 

30 

ns 

tPHL 



7 

15 

tPLHH 




16 

30 

ns 

tPHLl 




7 

15 


v tp lh = propagation delay time, low-to-high-level output 
tpHL — propagation delay time, high-to-low-level output 
^ These parameters are not applicable for the SN5477. 
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TYPES SN54L75, SN54L77, SN74L75, SN74L77 
4-BIT BISTABLE LATCHES 


recommended operating conditions 



SN54L75, SN54L77 

SN74L75, SN74L77 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, V^c 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-200 

-200 

mA 

Low-level output current, Iol 

8 

8 

mA 

Width of enabling pulse, t w 

100 

100 

ns 

Setup time, t su 

40 

40 

ns 

Hold time, th 

10 

10 

ns 

Operating free-air temperature, T a 

-55 125 

0 70 

“c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V|H High-level input voltage 


2 

V 

V 1 1 _ Low-level input voltage 


0.8 

V 

V||< Input clamp voltage 

Vcc =M 'N, l| = — 12mA 

-,1.5 

V 

Vqh High-level output voltage 

V CC = MIN, V|h = 2V, 

V| L = 0.8 V, l OH = -200pA 

2.4 3.4 

V 

Vql Low-level output voltage 

V C C =M »N, V|H = 2 V, 

V|l = 0.8V, Iql = ^ mA 

O 

ro 

o 

4* 

V 

l| Input current at maximum input voltage 

Vqc=MAX, V| = 5.5 V 

i 

mA 

l|H High-level input current 

D input 

V C c=MAX, V| = 2.4 V 

40 

MA 

G input 

80 

l|L Low-level input current 

D input 

V C c = MAX, V | = 0.4 V 

-1.6 

mA 

G input 

-3.2 

Igg Short-circuit output current§ 

Vqc = M AX 

SN54L' 

-10 -29 

mA 

SN74L' 

-9 -29 

'CC Supply current 

v cc = max, 

See Note 3 

SN54L' 

16 23 

mA 

SN74L' 

16 27 


^ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at V^c = 5 V, T ^ = 25°C. 

§Nor more than one output should be shorted at a time. 

NOTE 3: i qq is tested with ail inputs grounded ana aii outputs open. 


switching characteristics, VcC = 5 V, Ta = 25° C 


PARAMETER 0 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

*PLH 




32 

60 

ns 

*PHL 




28 

50 

tPLHll 


Q 

= 1 5 pF, 

R L ~ 800 £2, 

See Figure 1 

48 

80 

ns 

tPHLH 



14 

30 

tpLH 

G 

Q 

32 

60 

ns 

tPHL 



14 

30 

tPLHil 


Q 


32 

60 


tPHLH 




14 

30 

ns 


^tp|_H — propagation delay time, low-to-high level output 
tpH L ^ propagation delay time, high-to-low-level output 
U These parameters are not applicable for the SN54L77 and SN74L77. 
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TYPES SN54LS75, SN54LS77, SN74LS75 
4-BIT BISTABLE LATCHES 


recommended operating conditions 



SN54LS75 

SN54LS77 

SN74LS75 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-400 

-400 

mA 

Low-level output current, Iol 

4 

3 

mA 

Width of enabling pulse, t w 

20 

20 

ns 

Setup time, t su 

20 

20 

ns 

Hold time, t^ 

0 

0 

ns 

Operating free-air temperature, T/^ 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 

TEST CONDITIONS* 

SN54LS75 

SN54LS77 

SN74LS75 

UNIT 






MIN TYPt MAX 

MIN 

TYP+ 

MAX 


V !H 

High-level input voltage 


2 

2 

V 

V|L 

Low-level input voltage 


0.7 

0.8 

V 

v l K 

i nput damp voitage 

v'cc = MIN, 

1 1 = — 18 mA 


—1.5 

— 1.5 

V 

v OH 

High-level output voltage 

V CC = MIN, 

V|L = V|l max. 

V| H = 2V, 

Iqh = — 400 mA 

2.5 3.5 

2.7 

3.5 


V 

v OL 

Low-level output voltage 

V CC = MIN, 

V m = 2V, 

!ql = 4 mA 

0.25 

0.4 


0.25 

0.4 


V|l = V|l max 


lOL = 8 mA 



0.35 

0.5 



Input current at 

V C c= max. 

V| = 7 V 

D input 

0.1 

0.1 

mA 

■l 

maximum input voltage 

G input 

0.4 

0.4 

1 1 H 

High-level input current 

V C c = MAX, 

V| = 2.7 V 

D input 

20 

20 

fiA 

G input 

80 

80 

l|L 

Low-level input current 

Vcc= max. 

V | = 0.4 V 

D input 

-0.4 

-0.4 

mA 

G input 

-1.6 

-1.6 

'os 

Short-circuit output current? 

Vcc = MAX 

-20 

-100 

-20 


-100 

mA 

•cc 

Supply current 

Vcc = MAX, 

See Note 2 

'LS75 

6.3 

12 


6.3 

12 

mA 

'LS77 

6.9 

13 



*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AII typical values are at Vqq = 5 V,T^ = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second 
NOTE 2: Iqc is tested with all inputs grounded and all outputs open. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER^ 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

'LS75 

'LS77 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

IPLH 

D 

Q 

Cl =15 pF, 

R L = 2 kn. 

See Figure 1 

15 27 

11 19 

ns 

tpHL 

9 17 

9 17 

tPLH 

D 

Q 

o 

CM 

CM 


ns 

tPHL 

7 15 


tPLH 

G 

' 

Q 

15 27 

10 18 

ns 

tPHL 

14 25 

10 18 

tPLH 

G 

Q 

16 30 


ns 

tpHL 

7 15 



^tpLH ^propagation delay time, low-to-high-level output 
t PH L — propagation delay time, high-to-low-level output 
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TYPES SN5475. SN5477, SN54L75, SN54L77, SN54LS75, SN54LS77. 
SN7475, SN74L75, SN74L77, SN74LS75 
4-BIT BISTABLE LATCHES 


switching characteristics 


PARAMETER MEASUREMENT INFORMATION 

INPUTS OUTPUTS 

V C C r Q^s' 



TEST CIRCUIT 



OUTPUT C 


v OH 


v OL 

— v OH 


v OU 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generators have the following characteristics: Z out « 50 H; for pulse generator A, PRR < 500 kHz; for pulse 
generator B, PRR < 1 MHz. Positions of D and G input pulses are varied with respect to each other to verify setup times. 

B. C[_ includes probe and jig capacitance. 

C. All diodes are 1N3064. 

D. When measuring propagation delay times from the D input, the corresponding G input must be held high. 

E. For ^5, '77, 'L75, and 'L77, V ref = 1.5 V; for 'LS75 and 'LS77, V ref = 1.3 V. 

^Complementary Q outputs are on the '75, 'L75, and 'LS75 only. 


FIGURE 1 
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MSI 


logic 


FUNCTION TABLE 
(See Notes 1, 2, and 3) 


INPUTS 

OUTPUTS 

c n 

B 

A 

c n+1 

£ 

£ 

L 

L 

L 

H 

H 

L 

L 

L 

H 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

H 

L 

H 

L 

H 

L 

L 

H 

L 

H 

H 

L 

H 

L 

H 

L 

H 

H 

L 

L 

H 

L 

H 

H 

H 

L 

L 

H 


H = high level, L = low level 


TYPES SN5480, SN7480 
GATED FULL ADDERS 

BULLETIN NO. DL-S 7211809, DECEMBER 1972 


SN5480 . . . J PACKAGE 

SN7480 . . . J OR N PACKAGE SN5480 . . . W PACKAGE 

(TOP VIEW) (TOP VIEW) 



positive logic: see function table 


NOTES: 1. A = A c + A* + A1 -A2, B = B C + B* + B1 *B2. 

2. When A ★ is used as an input, A1 or A2 must be low. When B* is used as an input, B1 or B2 must be low. 

3. When A1 and A2 or B1 and B2 are used as inputs. A* or B*, respectively, must be open or used to perform dot-AND logic. 

description 

These single-bit, high-speed, binary full adders with gated complementary inputs, complementary sum (2 and 2) 
outputs and inverted carry output are designed for medium- and high-speed, multiple-bit, parallel L add/serial-carry 
applications. These circuits (see schematic) utilize diode-transistor logic (DTL) for the gated inputs, and high-speed, 
high-fan-out transistor-transistor logic (TTL) for the sum and carry outputs and are entirely compatible with both DTL 
and TTL logic families. The implementation of a single-inversion, high-speed, Darlington-connected serial-carry circuit 
minimizes the necessity for extensive "look-ahead" and carry-cascading circuits. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, V^C (see Note 4) 7 V 

Input voltage (see Note 5) 5.5 V 

Operating free-air temperature range: SN5480 Circuits — 55°Cto125°C 

SN7480 Circuits 0° to 70°C 

Storage temperature range — 65°Cto150°C 


NOTES: 4. Voltage values are with respect to network ground terminal. 

5. Input signals must be zero or positive with respect to network ground terminal. 

recommended operating conditions 



SN5480 

SN7480 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

£ or £ 

-400 

—400 

mA 

c n+1 

-200 

-200 

A* or B* 

-120 

-120 

Low-level output current, Iql 

£ or £ 

16 

16 

mA 

Cn+1 

8 

8 

A* or B* 

4.8 

4.8 

| Operating free-air temperature, T^ 

-55 125 

o 

r- 

o 

“C 
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TYPES SN5480, SN7480 
GATED FULL ADDERS 


7 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN5480 

SN7480 

UNIT 

MIN TYP+ MAX 

MIN TYP? MAX 

V|H High-level input voltage 


2 

2 

V 

V | (_ Low-level input voltage 


0.8 

0.8 

V 

High-level 

Vqh 

output voltage 

2 or £ 

Vcc = MAX, 
V,h = 2V, 
V||_ = 0.8 V 

lOH = —400 gA 

2.4 3.5 

2.4 3.5 

V 

Cn+1 

! 0H = -200 mA 

A* or B* 

'OH = -120 mA 

Low-level 

Vql 

output voltage 

2 or 2 

V CC = MAX, 
V,h = 2V, 
V|l = 0.8 V 

'OL = 16 mA 

0.22 0.4 

0.22 0.4 

V 

C n+ 1 

'OL = 8 mA 

A* or B* 

Iql ~ 4.8 mA 

l| Input current at maximum inputvoitage 

Vcc = MAX, V| = 5.5V 

1 

1 

mA 

High-level 

1 1 H 

input current 

A-|, A2, B-|, B2, 
Ac, or B C 

A* or B* 

Vcc = MAX, V| = 2.4 V 

15 

15 

MA 

-1.1 

-1.1 

C n 

200 

200 

Low-level 

1 1 L 

input current 

A1, A2, B1 , B2, 
A c , or B c 

Vcc = MAX, V| = 0.4V 

-1.6 

-1.6 

mA 

A* or B* 

-2.6 

-2.6 

C n 

-8 

-8 

Short-circuit 

! 0S s 

output-currents 

2 or 2 

V C c = MAX 

-20 -57 

-18 -57 

mA 

C n +1 

-20 -70 

-18 -70 

A* or B* 

-0.9 -2.9 

-0.9 -2.9 

ICC Supply current 

Vcc = MAX, See Note 6 

21 31 

21 35 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
tAll typical values are at V cc = 5V,T A = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 6: Iqq is measured with all inputs and outputs open. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETERl 

FROM 

INPUT 

TO 

OUTPUT 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tPLH 


Cn+1 



13 

17 


tPHL 

^n 

Cl - 15 pF, 

R l = 780 n, 

8 

12 

ns 

tpLpj 

B C 

c n+1 

See Note 7 


18 

25 

tPHL 



38 

55 


tPLH 

A C 




52 

70 


tPHL 


Cl = 15 pF, 

R L = 400n, 

62 

80 

ns 

tPLH 

CD 

O 

— 

See Note 7 


38 

55 

tPHL 




56 

75 


tPLH 





48 

65 


tPHL 

1 

C L = 15 pF, 

See Note 7 

17 

25 


tPLH 

B1 

B* 

48 

65 


tPHL 



17 

25 



^ tpLH = propagation delay time, low-to-high-level output 
tp|_j l s propagation delay time, high-to-low-level output 

NOTE 7: The load for testing outputs A* and B* consists only of capacitance Cj_ to ground. The toad circuit for the other outputs and 
voltage waveforms are shown on page 3-10. 
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TTL TYPES SN5481A, SN5484A. SN7481A. SN7484A 

MSI 16-BIT RANDOM-ACCESS MEMORIES 

BULLETIN NO. DL-S 7211581, DECEMBER 1972 

description 


Each of these 16-bit active-element memories is a 
high-speed, monolithic, transistor-transistor-logic 
(TTL) array of 16 flip-flops and two write amplifiers 
interconnected to form a scratch-pad memory with 
direct-address and nondestructive read-out. These 
devices are interchangeable with and replace SN5481, 
SN7481, SN5484, and SN7484, but feature 

diode-clamped inputs, improved switching speeds, 
and lower supply current requirements. 

The flip-flops are arranged in a four-by-four matrix 
with each flip-flop representing one bit of 16 words. 
Four X-address lines and four Y-address lines permit 
the address of one bit at a time. Each flip-flop, 
composed of two cross-coupled three-emitter tran- 
sistors, is used to store one bit. To determine if a 
logic 1 or logic 0 has been stored, it is necessary to 
know which one of the two flip-flop transistors is 
conducting. One emitter of each of these transistors 
serves as the sensing output. All 16 of the logic 1 
sensing outputs are connected to the sense 1 (Si) 
amplifier input and all 16 of the logic 0 sensing 
outputs are connected to the sense 0 (So) amplifier 
input. The two remaining emitters of each transistor 
are used to complete the matrix connections neces- 
sary for the X- and Y-address lines. Address line 
inputs are normally held low and currents from all 
conducting flip-flop transistors flow out of these 
address lines. 

To address a flip-flop both the X- and Y-address lines 
associated with that flip-flop are taken to a high level. 
Due to the matrix nature of the circuit, at least one 
address iine of aii fiip-fiops except the one being 
addressed will continue to remain at a low level and 
no change will occur in those flip-flops. But, in the 
addressed flip-flop, the current in the conducting 
transistor diverts from the address lines to the 
appropriate sense line and then to one of the sense 
amplifiers. Thus, either the sense 1 amplifier or the 
sense 0 amplifier is activated. When this occurs, the 
output of the activated sense amplifier drops from a 
high logic level to a low logic level. The memory is 
nondestructive as the states of the flip-flops are not 
disturbed during sensing. The memory is volatile and 
information will be lost if the supply voltage is 
removed. 


SN5481A ...JORIN PACKAGE 
SN7481 A . . . J OR N PACKAGE 
(TOP VIEW) 


ADDRESS WRITE 

SENSE 


WRITE 

address! 


e zm 

mm 

■ 

(U 


MM 

Ena 

mm 

1 

wa 



1 

!□ 

I 

□ 

I 

D 

fill 

Id 

I 

□ 



■ 

■ 

■ 

II 

1 

■ 

I Wi Si So 

Wo 1 


X4 Y4 


X3 Y3 

X2 XI Y1 Y2 


■ 

Di 

iDi 

iDi 

iDi 

jQj 

iDi 

iD 

i 


v X3 

X2 

X L 

Vcc 

v . Y1 

Y2 

Y3 ^ 


ADDRESS ADDRESS 


logic: See logic diagram 


SN5484A . . . J OR W PACKAGE 
SN7484A . . . J OR N PACKAGE 
(TOP VIEW) 


SENSE 


WRITE 



logic: See logic diagram 


To store new information in a flip-flop, it is necessary to address it and apply a high-level voltage to the appropriate 
write amplifier. (The SN5484A and SN7484A have gated write-amplifier inputs). The output of the write amplifier 
responds by dropping to a low logic level. Since all Sense 0 lines are connected to the output of the write 0 amplifier 
and all sense 1 lines are connected to the output of the write 1 amplifier, a low level at the output of a write amplifier 
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TYPES SNS481A, SN5484A, SN7481A, SN7484A 
16-BIT RANDOM-ACCESS MEMORIES 


description (continued) 

will cause the emitters of all flip-flop transistors connected to that amplifier to go low. In all the flip-flops except the 
one being addressed, this low voltage has no effect since at least one other emitter on each of the flip-flop transistors is 
held low by the address lines. Two possibilities exist with the flip-flop that is addressed. The flip-flop may already be in 
the desired state, in which case no change occurs. If the flip-flop must be changed from one state to the other, the low 
voltage applied to the emitter of the transistor which is not conducting turns that transistor on causing the other 
transistor to turn off. 

Since the connection between the output of the write amplifier and the sense line is common to the input of the sense 
amplifier, the memory cannot be used to provide information on the state of a bit while the write amplifiers are 
activated. 

A number of active-element memories may be paralleled to form the desired matrix size (number of words) and to form 
the desired word length (number of bits). All inputs and outputs are compatible with most DTL and TTL circuits. 
Average power dissipation is typically 225 milliwatts, and the open-collector outputs may be wire-AND connected to 
similar outputs. Internal circuitry of the write and sense amplifiers are operated within their linear range to improve 
speed. Sensing propagation delay times are typically 12 nanoseconds when operated at full fan-out and 30 picofarads of 
circuit capacitance. The SN5481 A and SN5484A circuits are designed for operation over the full military temperature 
range of — 55° C to 125°C; the SIM7481 A circuits are designed for operation from 0°C to 70°C. 

logic diagram 
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TYPES SN5481A. SN5484A, SN7481A, SN7484A 
16-BIT RANDOM-ACCESS MEMORIES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ( see Note 1 ) 7 V 

Input voltage 5.5 V 

Interemitter voltage (see Note 2) 5.5 V 

High-level output voltage 5.5 V 

Operating free-air temperature range: SN5481 A, SN5484A Circuits — 55°Cto125°C 

SN7481 A, SN7484A Circuits 0°C to 70°C 

Storage temperature range — 65°C to 150°C 


NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to any X input in 
conjunction with any Y input. 


recommended operating conditions 



SN5481A, SN5484A 

SN7481A, SN7484A 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output voltage, Vqh 

5.5 

5.5 

V 

Low-level output current, Iq |_ 

20 

40 

mA 

Width of write pulse, t w ( wr , te ) (see Figure 1) 

20 

20 

ns 

Address input setup time, t su (see Figure 1 ) 

0 

0 

ns 

Operating free-air temperature, 

-55 125 

o 

r*- 

O 

u c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN5481A, SN5484A 

SN7481A, SN7484A 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

V|(_| High-level voltage at any input 


2 

2 

V 

Low-level voltage 

V| l 

at address inputs 

to prevent writing 


0.8 

0.8 

V 

to prevent sensing 

1 

1 

V | l Low-level voltage at write inputs 


0.8 

1 

V 

V|K Input clamp voltage 

Vcc = MIN, <1 = ~ 12 mA 

-1.5 

-1.5 

V 

lOH High-level output current 

Vcc = MIN, v OH = 5.5 V 

250 

250 

mA 

Vql Low-level output voltage 

Vcc = MIN, Iol= MA X 

0.4 

0.4 

V 

Input current at 
l| 

maximum input voltage 

Write 

V C c = MAX,V| = 5.5 V 

1 

1 

mA 

Address 

3 

3 

1 1 p| High-level input current 

Write 

Vcc = MAX,V t = 2.4 V 

40 

40 

MA 

Address 

V C c = MAX,V| = 4.5 V 

400 

400 

1 1 l Low-level input current 

Write 

V C c MAX, V| = 0.4 V 

-1.6 

-1.6 

mA 

Address 

-11 

-11 

Iqq Supply current 

Vcc = MAX.AH inputs at 0 V 

70 

65 

mA 

Vqc = 5 V, All inputs at 0 V 

45 60 

45 60 


1"For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AII typical values are at Vqq - 5 V, T^ = 25° C. 
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TYPES SN5481A, SN5484A, SN7481A. SN7484A 
16-BIT RANDOM-ACCESS MEMORIES 


switching characteristics, Vcc = 5 V, Iql = MAXt, Ta = 25°C, see figure 1 


PARAMETER § 

LOCATION 

TEST CONDITIONS 

SN5481 A, SN5484A 

SN7481A, SN7484A 

UNIT 

ADDRESSED 

MIN TYP 

MAX 

MIN TYP 

MAX 

tSR 

XI - Y 1 

C L = 30 pF 

13 

13 _ _ 

ns 

C L = 200 pF 

18 

30 

18 

30 

tPHL 


C L = 30 pF 

11 

19 

12 

20 


XI - Y1 

C L = 200 pF 

17 

26 

18 

27 

ns 

tPLH 

C L = 30 pF 

13 

20 

12 

19 


C L = 200 pF 

27 

40 

18 

27 


tPHL 


C L = 30 pF 

10 

18 

11 

19 


XI thru X4 and Y1 

C L = 200 pF 

16 

25 

17 

26 

ns 

tPLH 

C L = 30 pF 

13 

20 

13 

20 


C L = 200 pF 

27 

40 

19 

28 



T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 

§tsR = Sense recovery time after writing 
tpHL = Propagation delay time, high-to-low-level output 
tpLH s Propagation delay time, low-to-high-level output 


schematic 


r 


MEMORY CELL 
(1 OF 161 


1 


ADDRESS 






Twq(b) and VVi (b) inputs (indicated with dashed lines) are applicable for the SN5484A, SN7484A only. 
^ ■ V cc bus 

Resistor values shown are nominal and in ohms. 
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TYPES SN5481A, SN5484A, SN7481A, SN7484A 
16-BIT RANDOM-ACCESS MEMORIES 



PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT 


rm 100 n S >1 

-*! i -*1 I l ^ 10 " 5 3V 

ADDRESS I J/^90% 90% "HJ ] / \ 

INPUT 10%j/T- 5V ' V XlO% / \ ov 

I 1^90% 90% a C' _ l' 3V 

W 0 INPUT 10 %_!/^V 1-5VX| 10% 

—Jr I '1« OV 

20 ns M <10 ns — 1^— -►j 1^— <10 ns 

S j L J- } 3 V 

j I JT90% 90S\ T 

W1 ' NPUT j !22L:K| 5 v ov 

tsR (See Note D1 W 20 ns ►* 

V i / V 0H 

50 OUTPUT \ / H-1.5V / j 

\ ^ ^ A VOL 

►! — t$R (See Note D) 

V _ s j / V 0H 

51 OUTPUT \ / jl.5V / 

SENSE-RECOVERY TIME VOLTAGE WAVEFORMS ' ^ ^ ^ V °L 


ADDRESS 

INPUT 


WRITE 
INPUT 
(Wq orWi) 



' 1 /^ 90 % 90 %^. j 

bKi 5V V5 


OUTPUT 
(So or Si) 




1 

W*tpH L W 


I 




3 V 


1 0V 

l^‘PLH^1 

' _v OH 

-VOL 



PROPAGATION DELAY TIME VOLTAGE WAVEFORMS 


NOTES: A. The pulse generators have the following characteristics: for the address pulse generator, PRR = 2 MHz; for the Wq and Wi pulse 
generators, PRR = 1 MHz. 

B. C L includes probe and jig capacitance. 

C. For the SN5484A and SN7484A, unused Wq and Wi inputs are at 3.5 V. 

D. tg R = sense-recovery time 

E. For the SN5481 A and SN5484A: R1 = 240 17 and R2 = 560 SI. For the SN7481 A and SN7484A: R1 = 120 SI and R2 = 330 £2. 


FIGURE 1 -SWITCHING CHARACTERISTICS 
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TTL 

MSI 


For applications in: 

• Digital Computer Systems 

• Data-Handling Systems 

• Control Systems 


logic 


FUNCTION TABLE 


INPUTS 

OUTPUTS 





WHEN CO = L 

WHEN CO 

= H 

A1 

B1 

A2 

B2 

SI 

22 

C2 

21 

22 

C2 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

H 

L 

L 

H 

L 

L 

H 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

H 

L 

L 

u 

L 

u 

M 

!_ 

H 

L 

H 

L 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

L 

L 

L 

H 

L 

H 

L 

H 

H 

L 

H 

L 

L 

H 

H 

H 

L 

L 

L 

H 

L 

H 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

L 

H 

L 

L 

H 

H 

L 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

H 

H 

L 

H 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 


H - high level, L= low level 


description 

These full adders perform the addition of two 2-bit 
binary numbers. The sum (2) outputs are provided 
for each bit and the resultant carry (C2) is obtained 
from the second bit. Designed for medium-to-high- 
speed, multiple-bit, parallel-add/serial-carry applica- 
tions, these circuits utilize high-speed, high-fan-out 
transistor-transistor logic (TTL) and are compatible 
with both DTL and TTL logic families. The imple- 
mentation of a single-inversion, high-speed, 
Darlington-connected serial-carry circuit within each 
bit minimizes the necessity for extensive "look- 
ahead" and carry-cascading circuits. 


TYPES SN5482, SN7482 
2-BIT BINARY FULL ADDERS 

BULLETIN NO. DL-S 7211836, DECEMBER 1972 


SN5482 . . . J OR W PACKAGE 
SN7482 . . . J OR N PACKAGE 
(TOP VIEW) 


A2 B2 Z2 GND C2 NC NC 



SI A1 B1 Vqq CO NC NC 


positive logic: see function table 


NC— No internal connection 


functional block diagram 




1076 


Texas Instruments 

INCORPORATED 


749 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 




TYPES SN5482, SN7482 
2-BIT BINARY FULL ADDERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 7 V 

Input voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN5482 Circuits -55°Cto125°C 

SN7482 Circuits 0°C to 70°C 

Storage temperature range -65°Cto150°C 


NOTES: 1 . Voltage values are with respect to network ground terminal. 

2. Input signals must be zero or positive with respect to network ground terminal. 


recommended operating conditions 



SN5482 

SN7482 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

£1 or £2 

-400 

-400 

fiA 

C2 

-200 

-200 

Low-level output current, Iql 

£1 or £2 

16 

16 

mA 

C 2 

8 

8 

J Operating free-air temperature, T/\ 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN5482 

SN7482 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|H High-level input voltage 


2 

2 

V 

V | (_ Low-level input voltage 


0.8 

0.8 

V 

High-level 

VOH 

output voltage 

£1 or £2 

Vcc = MIN, 
V m = 2V, 
V|L = 0.4 V 

Iqh = —400 juA 

2.4 3.4 

2.4 3.4 

V 

C2 

— 

*OH = -200 m A 

Low-level 

v OL 

output voltage 

£1 or £2 

Vcc - min, 

V|H = 2V. 
V||_ = 0.4 V 

lOL = 16 mA 

0.2 0.4 

0.2 0.4 

V 

C2 

Iql = 8 mA 

l| Input current at maximum input voltage 

V CC = MAX, V| = 5.5 V 

1 

1 

mA 

High-level 

l|H , 

input current 

A1. B1, or CO 

V C C = MAX, V | = 2.4 V 

160 

160 

MA 

A2 or B2 

40 

40 

Low-level 

Ml 

mput current 

A1, B1, or CO 

V C c = MAX, V| = 0.4 V 

-6.4 

-6.4 

mA 

A2 or B2 

-1.6 

-1.6 

Short-circuit 

'OS s 

output currents 

£1 or £2 

V C c= max 

-20 -55 

-18 -55 

mA 

C2 

-20 -70 

-18 -70 

'CC Supply current 

Vcc = MAX, See Note 3 

35 50 

35 58 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type, 
t All typical values are at Vqq = 5 V, T a = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 3: Iqq is measured with outputs open, B1 and B2 grounded, and 4.5 V applied to A1 , A2, and CO. 
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TYPES SN5482, SN7482 
2-BIT BINARY FULL ADDERS 


switching characteristics, Vcc =5 V, Ta = 25°C (see note 4) 


PARAMETER f 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPLH 

CO 

21 

Cj_ = 15 pF, Rl = 4 00£7 

34 

ns 

tPHL 

40 

tPLH 

B2 

22 

40 

ns 

tPHL 

35 

tPLH 

CO 

22 

38 

ns 

tPHL 

42 

tPLH 

CO 

C2 

Cl= 15 pF, R l = 780 n 

12 19 

ns 

tPHL 

17 27 


^tpLH ^propagation delay time, low-to-high-level output 
tp[_| |_ = propagation delay time, high-to-low-level output 
NOTE 4: Load circuit and voltage waveforms are shown on page 3-10. 


schematics of inputs and outputs 


EQUIVALENT OF ALL INPUTS 



A1,B1,C0: R eq = 1 kfi NOM 
A2, B2: R eq =4kfiNOM 


C2 OUTPUT 
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TYPES SN5483A, SN54LS83A, SN7483A, SN74LS83A 
4-BIT BINARY FULL ADDERS WITH FAST CARRY 

BULLETIN NO. DL-S 7611853, MARCH 1974-REVISED OCTOBER 1976 


Full-Carry Look-Ahead across the Four Bits 

Systems Achieve Partial Look-Ahead 
Performance with the Economy of 
Ripple Carry 

SIM54283/SIM74283 and SN54LS283/SN74LS283 
Are Recommended For New Designs as They 
Feature Supply Voltage and Ground on Comer 
Pins to Simplify Board Layout 

TYPICAL ADD TIMES 


TYPE 

TWO 

8-BIT 

WORDS 

TWO 

16-BIT 

WORDS 

TYPICAL POWER 

DISSIPATION PER 

4-BIT ADDER 

'83A 

23 ns 

43 ns 

310 mW 

'LS83A 

25 ns 

45 ns 

S5 mW 


description 


These improved full adders perform the addiiion of 
two 4-bit binary numbers. The sum (2) outputs are 
provided for each bit and the resultant carry (C4) is 
obtained from the fourth bit. These adders feature 
full internal look ahead across all four bits generating 
the carry term in ten nanoseconds typically. This 
provides the system designer with partial look-ahead 
performance at the economy and reduced package 
count of a ripple-carry implementation. 

The adder logic, including the carry, is implemented 
in its true form meaning that the end-around carry 
can be accomplished without the need for logic or 
level inversion. 

Designed for medium-speed applications, the circuits 
utilize transistor-transistor logic that is compatible 
with most other TTL families and other saturated 
low-level logic families. 

Series 54 and 54 LS circuits are characterized for 
operation over the full military temperature range of 
— 55° C to 125°C, and Series 74 and 74LS circuits are 
characterized for operation from 0°C to 70° C. 


SN5483A, SN54LS83A . . . J OR W PACKAGE 
SN7483A, SN74LS83A . . . J OR N PACKAGE 
(TOP VIEW) 



FUNCTION TABLE 


INPUT 

OUTPUT 

WHEN yf*. 

C0= L y/y 

/ C2» t 


Aly/ 

B1 / / 

A2/? 

B2 / 


£2 

C2/ 




/as 

/ S3 

/ M 

/ 14 

/ S3 

/ZA 

/CA 

/ Z3 

/ ZA 

/<* 

n 

n 

n 

II 

n 

n 

n 

Q 


ffitk 

B 




u 






n 


n 

II 

n 

B 

IS 




n 

u 

19 

19 



19 



mml- 

HI 

19 

19 

19 

19 

H 

19 

19 


1 M 1 

H 

L 

H 

L 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

L 

L 

L 

H 

L 

H 

L 

H 

H 

L 

H 

L 

L 

H 

H 

H 

L 

L 

L 

H 

L 

H 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

L 

H 

L 

L 

H 

H 

L 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

H 

H 

L 

H 

H 

H 

L 

H 

L 

H 

H 

L 

K 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

i_±L_ 

H 

H 


H = high level, L = low level 

NOTE: Input conditions at A1, B1, A2, B2, and CO are used to 
determine outputs 21 and 22 and the value of the internal 
carry C2. The values at C2, A3, B3, A4, and B4 are then 
used to determine outputs 23, 24, and C4. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, V^C (see Note 1 ) 7 V 

Input voltage: '83A 5.5 V 

'LS83A 7 V 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN5483A, SN54LS83A — 55°Cto125°C 

SN7483A, SN74LS83A 0°Cto70°C 

Storage temperature range — 65°Cto150°C 


NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. This rating applies for the '83A only between the 
following pairs: A1 and B1, A2 and B2, A3 and B3, A4 and B4. 
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TYPES SN5483A, SN7483A 
4-BIT BINARY FULL ADDERS WITH FAST CARRY 


recommended operating conditions 



SN5483A 

SN7483A 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply Voltage, V^c 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current. Ion 

Any output except C4 

-800 

-800 

mA 

Output C4 

-400 

-400 

Low-level output current, Iql 

Any output except C4 

16 

16 

mA 

Output C4 

8 

8 

Operating free-air temperature, Ta 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 ' 

SN5483A 

SN7483A 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|(-| High-level input voltage 


2 

2 

V 

V j |_ Low-level input voltage 


0.8 

0.8 

V 

V||< Input clamp voltage 

Vcc = MIN, l| = — 12 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

Vcc = MIN, V(h = 2V, 

VjL = Q.8 V, IqH = MAX 

2.4 3.4 

2.4 3.4 

V 

Vql Low-level output voltage 

Vcc = MIN, V| H = 2 V, 

V||_ = 0.8 V, I 0 L = MAX 

0.2 0.4 

0.2 0.4 

V 

Input current at maximum 

l| 

input voltage 

Vcc = max, V| = 5.5 V 

1 

1 

mA 

l|H High-level input current 

Vcc = MAX, V| = 2.4 V 

40 

40 

mA 

l|l_ Low-level input current 

Vcc = MAX, V, = 0.4 V 

-1.6 

-1.6 

mA 

Short-circuit 

OS output current? 

Any output except C4 

Vcc = max 

-20 -55 

-18 -55 

mA 

Output C4 

0 
r-" 

1 

0 

CN 

1 

-18 -70 

ICC Supply current 

Vcc = max. 

Outputs open 

Ail B low, other 

inputs at 4.5 V 

56 

56 

mA 

All inputs at 

4.5 V 

66 99 

66 110 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
-I- All typical values are at Vqq = 5 V, = 25° C. 

§ Only one output should be shorted at a time. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETERU 

FROM (INPUT) 

TO (OUTPUT) 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tpLH 

CO 

Any r 

C[_ =15 pF, R|_ = 400ft, 

See Note 3 

14 21 

ns 

IPHL 

12 21 

tPLH 

A, or Bj 


16 24 

ns 

tPHL 

16 24 

tPLH 

CO 

C4 

C|_ = 15 pF, R|_ = 780 SI, 

See N ote 3 

9 14 

ns 

tPHL 

11 16 

IPLH 

Aj or Bj 

C4 

9 14 

ns 

tPHL 

11 16 


^ tpLH = Propagation delay time, low-to-high-level output 
tpH l — Propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54LS83A, SN74LS83A 

4-BIT BINARY FULL ADDERS WITH FAST CARRY 

REVISED OCTOBER 1976 


recommended operating conditions 



SN54LS83A 

SN74LS83A 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, loH 

-400 

-400 

mA 

Low-level output current, Iol 

4 

8 

mA 

Operating free-air temperature, T/^ 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1, 

SN54LS83A 

SN74LS83A 

UNIT 

MIN TYPt MAX 

MIN TYPf MAX 

V|H High-level input voltage 


2 

2 

V 

V||_ Low-level input voltage 


0.7 

0.8 

V 

V|K Input clamp voltage 

Vcc = MIN, 1 1 = — 18 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

V CC = MIN, V|h = 2V, Vi(_ = V|Lmax, 

Iqh = —400 pA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

V C c = min, v ih = 2V . 
V|l = V 1 1 _ max 

Iql = A mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 mA 


0.35 0.5 

Input current 
l| at maximum 

input voltage 

Any A or B 

V C c = MAX. V| = 7 V 

0.2 

0.2 

mA 

CO 

0.1 

0.1 

High-level 

1 1 H 

input current 

Any A or B 

V C c = MAX, V| = 2,7 V 

40 

40 

mA 

CO 

20 

20 

Low-level 
!| L 

input current 

Any A or B 

V CC = MAX, V| = 0.4 V 

-0.8 

-0.8 

mA 

CO 

-0.4 

-0.4 

•OS Short-circuit output current § 

Vcc = max 

-20 -100 

-20 -100 

mA 

ICC Supply current 

Vcc = MAX, 

Outputs open 

All inputs 

grounded 

22 39 

22 39 

mA 

All B low, other 

inputs at 4.5 V 

19 34 

19 34 

All inputs at 

4.5 V 

19 34 

19 34 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
^ All typical values are at Vcc "B V, = 25°C. 

s Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETERl 

FROM (INPUT) 

TO (OUTPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tpLH 

CO 

Any £ 


16 

24 

ns 

tpHL 


15 

24 

tPLH 

Aj or Bj 

£j 


15 

24 

ns 

fPHL 

Cl = 15 pF, R L = 2kf2, 

15 

24 

tPLH 

CO 

C4 

See Note 4 

11 

17 

ns 

tPHL 


15 

22 

tPLH 

Aj or Bj 

C4 


11 

17 

ns 

tPHL 


12 

17 


K tpLhi = Propagation delay time, low-to-high-level output 
tpH L = Propagation delay time, high-to-low-level output 
Note 4: Load circuit and voltage waveforms are shown on page 3-1 1. 
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TYPE 

TYPICAL 

POWER 

DISSI- 

PATION 

TYPICAL 

DELAY 

(4-BIT 

WORDS) 

‘85 

275 mW 

23 ns 

'L85 

20 mW 

90 ns 

‘LS85 

52 mW 

24 ns 

‘S85 

365 mW 

ii ns 


description 


TYPES SN5485, SN54L85, SN54LS85, SN54S85, 
SN7485, SN74L85, SN74LS85, SN74S85 
4-BIT MAGNITUDE COMPARATORS 

BULLETIN NO. DL-S 7611810, MARCH 1974-REVISED OCTOBER 1976 


SN5485, SN54LS85, SN54S85 . . . J OR W PACKAGE SN54L85 . . . J PACKAGE 

SN7485, SN74LS85, SN74S85 . . . J OR N PACKAGE SN74L85 . . . J OR N PACKAGE 

(TOP VIEW) (TOP VIEW) 


DATA INPUTS 


VCC 'A3 B2 A2 A1 B1 AO BO x 


A3 B2 A2 AT B1 AO 


B3 A< B A = B A > B.. A > B A = B A< B. GND 
DATA > v \ ' 

INPUT ca scaDE INPUTS OUTPUTS 


positive logic: see function tables 


INPUTS OUTPUTS 




A2 OUTPUT INPUT INPUT INPUT A1 




B2 A2 A = B A > B A < B A = £ 

— % ' OUTPUT ' — v 

INPUTS CASCADE INPUTS 


positive logic: see function tables 


These four-bit magnitude comparators perform comparison of straight binary and straight BCD (84-2-1) codes. Three 
fully decoded decisions about two 4-bit words (A, B) are made and are externally available at three outputs. These 
devices are fully expandable to any number of bits without external gates. Words of greater length may be compared by 
connecting comparators in cascade. The A > B, A < B, and A = B outputs of a stage handling less-significant bits are 
connected to the corresponding A > B, A < B, and A = B inputs of the next stage handling more-significant bits. The 
stage handling the least-significant bits must have a high-level voltage applied to the A = B input and in addition for the 
'L85, low-level voltages applied to the A > B and A < B inputs. The cascading paths of the '85, 'LS85, and 'S85 are 
implemented with only a two-gate-level delay to reduce overall comparison times for long words. An alternate method 
of cascading which further reduces the comparison time is shown in the typical application data. 


FUNCTION TABLES 


COMPARING 

INPUTS 

CASCADING 

INPUTS 

OUTPUTS 

A3, B3 

A2, B2 

A1, B1 

AO, BO 

A > B 

A < B A 

= B 

A > B 

A < B 

A = B 

A3 > 63 

X 

X 

X 

X 

X 

X 

H 

L 

L 

A3 < B3 

X 

X 

X 

X 

X 

X 

L 

H 

L 

A3 = B3 

A2 > B2 

X 

X 

X 

X 

X 

H 

L 

L 

A3 = B3 

A2 < 62 

X 

X 

X 

X 

X 

L 

H 

L 

A3 = B2 

A2= 62 

A1 > B1 

X 

X 

X 

X 

H 

L 

L 

A3 = B3 

A2 = B2 

A1 < B1 

X 

X 

X 

X 

L 

H 

L 

A3 = B3 

A2 = B2 

A1 = B1 

AO > BO 

X 

X 

X 

H 

L 

L 

A3 = B3 

A2 = B2 

A1 = B1 

AO < BO 

X 

X 

X 

L 

H 

L 

A3 = B3 

A2 = 82 

A1 = B1 

A0 = BO 

H 

L 

L 

H 

L 

L 

A3 = B3 

A2 = 62 

A1 = B1 

AO = BO 

L 

H 

L 

L 

H 

L 

A3 = B 3 

A2= B2 

A1 = B1 

AO = BO 

L 

L 

jLj 

L 

L 

H 


'85, 'LS85, 'S85 


A3 -63 

A2 = 62 

A1 = B1 

> 

o 

03 

o 

X 

X 


L 

L 

H 

A3 = 63 

A2 = 62 

m 

ii 

< 

> 

o 

o 

H 

H 

L 

L 

L 

L 

A3 - 63 

A2 = 62 

> 

CD 

> 

o 

CD 

O 

L 

L 

L 

H 

H 

L 



'L85 


A3 = 83 

A2 = B2 

A1 

= B1 

o 

o 

< 

L 

H 

H 

L 

H 

H 

A3 = 63 

A2 = B2 

A1 

= B1 

> 

o 

o 

H 

L 

H 

H 

L 

H 

A3 = B3 

A2 = B2 

A1 

= B1 

o 

00 

o 

< 

H 

H 

H 

H 

H 

H 

A3 = B3 

A2 = B2 

A1 

= B1 

A0 = B0 

H 

H 

L 

H 

H 

L 

A3 = 63 

A2 = B2 

A1 

= B1 

o 

03 

O 

< 

L 

L 

L 

L 

L 

L 


H = high level, L = low level, X = irrelevant 
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TYPES SN5485, SN54L85, SN54LS85, SN54S85, 
SN7485, SN74L85, SN74LS85, SN74S85 
4-BIT MAGNITUDE COMPARATORS 


schematics of inputs and outputs 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



SN54' 

SN54S' 

SN54L' 

SN54LS' 

SN74' 

SN74S' 

SN74L' 

SN74LS' 

UNIT 

Supply voltage, Vqq (see Note 1 ) 

7 

8 

7 

7 

8 

7 

V 

Input voltage (see Note 2) 

5.5 

5.5 

7 

5.5 

5.5 

7 

V 

Interemitter voltage (see Note 3) 

5.5 



5.5 



V 

Operating free-air temperature range 

-55 to 125 

Oto 70 

°c 

Storage temperature range 

-65 to 150 

-65 to 150 

°c 


NOTES: 1 . Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. Input voltages for 'L85 must be zero or positive with respect to network ground terminal. 

3. This is the voltage between two emitters of a multiple-emitter input transistor. This rating applies to each A input in conjunction 
with its respective B input of the '85 and 'S85. 
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TYPES SN5485, SN7485 

4-BIT MAGNITUDE COMPARATORS 


recommended operating conditions 



SN5485 

SN7485 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-400 

-400 

mA 

Low-level output current, Iol 

16 

16 

mA 

Operating free-air temperature, T a 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V|h High-level input voltage 


2 

V 

V|L Low-level input voltage 


0.8 

V 

V||< Input clamp voltage 

V CC = MIN, 1 1 =—12 mA 

-1.5 

V 

Vqh High-level output voltage 

Vcc = MIN, V 1 1_) = 2 V, 

V|l = 0.8V, Iqh = — 400 pA 

2.4 3.4 

V 

Vql Low-level output voltage 

V C c = MIN, V| H = 2 V, 

V|l = 0.8V, IOL = *6mA 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V C c = MAX, V, = 5.5 V 

1 

mA 

l|H High-level input current 

A < B, A > B inputs 

V CC = MAX, V| = 2.4 V 

40 

/liA 

all other inputs 

120 

1 1 1 _ Low-level input current 

A < B, A > B inputs 

Vcc = MAX, V| = 0.4 V 

-1.6 

mA 

all other inputs 

-4.8 

lOS Short-circuit output current! 

V C C = MAX, Vq = 0 

SN5485 

-20 -55 

mA 

SN7485 

-18 -55 

ICC Supply current 

Vcc = MAX, See Note 4 

55 88 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t Alt typical values are at ^CC = 5 V,T^ = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 4: Iqc * s measured with outputs open, A = B grounded, and all other inputs at 4.5 V. 

switching characteristics, Vcc = 5 V, 1 = 25° C 


PARAMETER 11 

FROM 

INPUT 

TO 

OUTPUT 

NUMBER OF 

GATE LEVELS 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

*PLH 

Any A or B data input 

A < B, A > B 

1 

C L = 15 pF, 

r l = 400 n, 

See Note 5 

7 

ns 

2 

12 

3 

17 

26 

A = B 

4 

23 

35 

*PHL 

Any A or B data input 

A < B, A > B 

1 

11 

ns 

2 

15 

3 

20 

30 

A = B 

4 

20 

30 

tPLH 

A < B or A = B 

A > B 

1 

7 

11 

ns 

tPHL 

A < B or A = B 

A > B 

1 


11 

17 

ns 

*PLH 

> 

II 

TO 

CO 

11 

< 

2 


13 

20 

ns 

*PHL 

> 

CD 

> 

II 

CD 

2 


11 

17 

ns 

*PLH 

A > B or A = B 

A < B 

1 


7 

11 

ns 

*PHL 

A > B or A = B 

A < B 

1 


11 

17 

ns 


^ tpLH — propagation delay time, low-to-high-level output 
tp |_| l = propagation delay time, high-to-low-level output. 

NOTE 5: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54L85, SN74L85 
4-BIT MAGNITUDE COMPARATORS 


recommended operating conditions 



SN54L85 

SN74L85 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-100 

-200 

pA 

Low-level output current, Iol 

2 

3.6 

mA 

Operating free-air temperature, 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

MIN TYP? MAX 

UNIT 

V|H High-level input voltage 


2 

V 

V|l Low-level input voltage 


0.7 

V 

Vqh High-level output voltage 

Vcc “MIN, V, H «2V. 
V|l = 0.7V, 

SN54L85 

2.4 3.3 

V 

SN74L85 

2.4 3.2 



Vcc = MIN, V| H = 2V, 
V| L = 0.7 V, Iql = MAX 

SN54L85 

0.15 0.3 

v 

*UL w-v-Lw.u.jy 

SN74L85 

o' 

CN 

o' 

input current at 
•i ... 

maximum input voltage 

A < 5, A > B, or A = B 

Vcc = max, V| = 5.5 V 

100 

mA 

A or B inputs 

300 

l|H High-level input current 

A < B, A < B, or A = B 

V CC = MAX, V| = 2.4 V 

10 

mA 

A or B inputs 

30 

1 1 1 _ Low-level input current 

A < B, A > B, or A = B 

V C c = MAX, V|=0.3V 

-0.18 

mA 

A or B inputs 

-0.54 

lOS Short-circuit output current! 

Vcc= max 

-3 -15 

mA 

ICC Supply current 

Vcc = MAX, See Note 6 

Condition A 

4.0 7.7 

mA 

Condition B 

3.2 7.2 


^for conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 

1-All typical values are at Vqq = 5 V,T^ = 25° C. 

§ Not more than one output should be shorted at a time. 

NOTE 6: With all outputs open, Iqq is measured for Condition A with ail inputs at 4.5 V, and for Condition B with all inputs grounded. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER^ 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPLH 

Any A or B 

Any 

C[_ = 50 pF, Rl = 4I<£2, 

See Note 7 

90 150 

ns 

tPHL 

75 150 

IPLH 

A > B, A < B, 

or A = B 

Any 

75 150 

ns 

tPHL 

55 100 


^itpLH = propagation delay time, low-to-high-level output 
tpHL = propagation delay time, high-to-low-level output 
NOTE 7: Load circuit and voltage waveforms are shown on page 3-1 1 , 
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TYPES SN54LS85, SN74LS85 
4-BIT MAGNITUDE COMPARATORS 

REVISED OCTOBER 1976 



recommended operating conditions 



SN54LS85 

SN74LS85 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-400 

-400 

mA 

Low-level output current, Iol 

4 

8 

mA 

Operating free-air temperature, T 

-55 125 

O 

r- 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS85 

SN74LS85 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|h High-level input voltage 


2 

2 

V 

V|l Low-level input voltage 


0.7 

0.8 

V 

V|k Input clamp voltage 

Vcc = MIN, t| = — 18 mA 

-1.5 

-1.5 

V 

Voh High-level output voltage 

Vcc = MIN, V|h = 2V, 

V | l = V | l max , IoH = _ A00mA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

Vcc = min, 
V|h = 2V, 
V|l= V|L max 

lOL = A mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 mA 


0.35 0.5 

Input current 
l| at maximum 

input voltage 

A < B, A > B inputs 

Vcc = MAX, V| = 7V 

0.1 

0.1 

mA 

all other inputs 

0.3 

0.3 

High-level 

1 1 H 

input current 

A < B, A > B inputs 

Vcc = MAX - v ! = 2.7 V 

20 

20 

iuA 

all other inputs 

60 

60 

Low-level 
' | L 

input current 

A < B, A > B inputs 

V C c = MAX, Vj = 0.4 V 

-0.4 

-0.4 

mA 

all other inputs 

-1.2 

-1.2 

*OS Short-circuit output current§ 

V C c = max 

-20 -100 

-20 -100 

mA 

Iqc Supply current 

Vcc = MAX, See Note 4 

10.4 20 

10.4 20 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AII typical values are at Vqq = 5 V,T/^ = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 4: Iqc ' s measured with outputs open, A = B grounded, and all other inputs at 4.5 V. 

switching characteristics, Vcc = 5 V, Ta - 25° C 


PARAMETER!! 

FROM 

INPUT 

TO 

OUTPUT 

NUMBER OF 

GATE LEVELS 

TEST CONDITIONS 

— 

MIN TYP MAX 

UNIT 

tPLH 

Any A or B data input 

A < B, A > B 

1 

C L = 15 pF, 

R|_= 2 kft, 

See Note 7 

14 

ns 

2 

19 

3 

24 36 

CO 

II 

< 

4 

27 45 

tPHL 

Any A or B data input 

A < B, A > B 

1 

11 

ns 

2 

15 

3 

20 30 

CO 

II 

< 

4 

23 45 

tPLH 

A < B or A = B 

A > B 

1 

14 22 

ns 

tPHL 

A < B or A = B 

A > B 

1 

11 17 

ns 

tPLH 

A = B 

CO 

ii 

< 

2 

13 20 

ns 

tPHL 

A = B 

> 

II 

CD 

2 

CO 

CM 

CO 

ns 

tPLH 

A > B or A = B 

A < B 

1 

14 22 

ns 

tPHL 

A > B or A = B 

A < B 

1 

11 17 

ns 


ttpLH — propagation delay time, low to-high-level output 
tpHL ~ propagation delay time, high-to-low-level output 
NOTE 7: Load circuit and voltage waveforms are shown on page 3-1 1. 
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TYPES SN54S85, SN74S85 
4-BIT MAGNITUDE COMPARATORS 


recommended operating conditions 



SN54S85 

SN74S85 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-1 

-1 

mA 

Low-level output current, Iol 

20 

20 

mA 

Operating free-air temperature, T A 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V|h High-level input voltage 


2 

V 

V|(_ Low-level input voltage 


0.8 

V 

V|k Input clamp voltage 

V CC = min, l| = — 18 mA 

-1.2 

V 

Vqh High-level output voitage 

V C c = MIN, Vm = 2 V, 
V|l=0.8V, IqH = — 1mA 

| SN54S85 

2.5 3.4 

V 

| SN74S85 

CO 

r- 

CN 

Vql Low-level output voltage 

Vcc = MIN, V | h - 2 V, 

V|L “ 0.8 V, Iq L = 20 m A 

0.5 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

mA 

l|f_| High-level input current 

A < B, A > B inputs 

Vqc = MAX, V| = 2.7 V 

50 

mA 

all other inputs 

150 

1 1 [_ Low-level input current 

A < B, A > B inputs 

V C C = MAX, V | = 0.5 V 

-2 

mA 

all other inputs 

-6 

lOS Short-circuit output current§ 

Vcc = MAX 

-40 -100 

mA 

Icq Supply current 

Vqc = MAX, See Note 4 

73 115 

mA 

Vcc = MAX, T a = 125°C, 
See Note 4 

SN54S85W 

110 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AII typical values are at Vqq = 5 V, T a = 25° C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 4: Iqc is measured with outputs open, A = B grounded, and all other inputs at 4.5 V. 


switching characteristics, Vqc = 5 V, Ta = 25° C 


parameterU 

FROM 

INPUT 

TO 

OUTPUT 

NUMBER OF 

GATE LEVELS 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 




1 


5 



tPLH 

Any A or B data input 

A < B, A > B 

2 


7.5 


ns 


3 


10.5 

16 



> 

II 

CO 

4 


12 

18 





1 


5.5 



fpHL 

Any A or B data input 

A < B, A > B 

2 

C L = 15 pF, 

RL = 280 n. 

See Note 5 

7 


ns 


3 

11 

16.5 



> 

II 

00 

4 

11 

16.5 


tPLH 

A < B or A = B 

A > B 

1 

5 

7.5 

ns 

tpHL 

A < B or A = B 

A > B 

1 


5.5 

8.5 

ns 

tPLH 

> 

II 

TO 

> 

II 

CO 

2 


7 

10.5 

ns 

tPHL 

> 

II 

CO 

A = B 

2 


5 

7.5 

ns 

tPLH 

A > B or A = B 

A < B 

1 


5 

7.5 

ns 

tpHL 

A > B or A = B 

A < B 

1 


5.5 

8.5 

ns 


1i tp |_|_j ^propagation delay time, low-to-high-level output 
tp|_m ^propagation delay time, high-to-low-level output 
NOTE 5: Load circuit and voltage waveforms are shown on page 3-10. 


1076 

Texas Instruments 

INCORPORATED 



7-63 


POST OFFICE BOX 5012 


DALLAS. TEXAS 75222 






TYPES SN5485, SN54L85, SN54LS85, SN54S85 
SN7485, SN74L85, SN74LS85, SN74S85 
4-BIT MAGNITUDE COMPARATORS 


-64 


TYPICAL APPLICATION DATA 


COMPARISON OF TWO N-BIT WORDS 

This application demonstrates how these magnitude 
comparators can be cascaded to compare longer 
words. The example illustrated shows the comparison 
of two 24-bit words; however, the design is 
expandable to n-bits. As an example, one comparator 
can be used with five of the 24-bit comparators 
illustrated to expand the word length to 120-bits. 
Typical comparison times for various word lengths 
using the '85, 'L85, 'LS85, or 'S85 are: 


WORD 

LENGTH 

NUMBER 

OF PKGS 

'85 

'L85 

'LS85 

'S85 

14 bits 

1 

23 ns 

90 ns 

24 ns 

11 ns 

5-24 bits 

2-6 

46 ns 

180 ns 

48 ns 

22 ns 

25-120 bits 

8-31 

69 ns 

270 ns 

72 ns 

33 ns 



COMPARISON OF TWO 24-BIT WORDS 
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TYPES SN5486, SN54L86, SN54LS86, SN54S86, 
SN7486, SN74L86, SN74LS86, SN74S86 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 


BULLETIN NO. DL-S 7611825, DECEMBER 1972-REVISED OCTOBER 1976 


schematics of inputs and outputs 

'86 



'L86 


EQUIVALENT OF 

TYPICAL OF 

EACH INPUT 

ALL OUTPUTS 

Vcc — T 

f 1 ” " V cc 

50onNOM| 

I 20 kL2 NOM 

J 

INPUT * ' — * 


f 

\ OUTPUT 

1 



EQUIVALENT OF EACH INPUT 



TYPICAL OF ALL OUTPUTS 



'S86 



SN54', SN54LS', SN54S' . . . J OR W PACKAGE 
SN74', SN74LS', SN74S' . . . J OR N PACKAGE 
(TOP VIEW) 

Vcc 4B 4A 4Y 3B 3A 3Y 


PCh pen 


1A IE 1Y 2A 2B 2Y GND 


positive logic: Y = A©B = AB + AB 


SN54L86 . . . J PACKAGE 
SN74L86 . . . J OR N PACKAGE 
(TOP VIEW) 


VCC 46 4A 4Y 3Y 38 3A 

L5>| k£J 

rsp-i i<^i 


positive logic: Y = A©B = AB + AB 
SN54L86 . . . T PACKAGE (TOP VIEW) 


LiJ 


liJ 

ry 




TmiTEnimninif 


positive logic: Y = A©B = AB + AB 


FUNCTION TABLE 


INPUTS 

OUTPUT 

Y 

A B 

L L 

L 

L H 

H 

H L 

H 

H H 

L 


H = high level, L = low level 



TYPICAL AVERAGE 

TYPICAL 

TYPE 

PROPAGATION 

TOTAL POWER 


DELAY TIME 

DISSIPATION 

'86 

14 ns 

150 mW 

'L86 

55 ns 

15 mW 

'LS86 

10 ns 

30,5 mW 

'S86 

7 ns 

250 mW 
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TYPES SN5486, SN7486 

QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN5486 -55°Cto125°C 

SN7486 0°C to 70°C 

Storage temperature range -65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN5486 

SN7486 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-800 

-800 

fiA 

Low-level output current, Iol 

16 

16 

mA 

Operating free-air temperature, T a 

-55 125 

o 

I-' 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN5486 

SN7486 

UNIT 

MIN TYPf MAX 

MIN TYPt MAX 

V|n High-level input voltage 


2 

2 

V 

V 1 1 _ Low-level input voltage 


0.8 

0.8 

V 

V|K Input clamp voltage 

Vcc = MIN, l| = —8 m A 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

V C c = min, V )h = 2V, 

V|l = 0.8V, I 0 h = —800 juA 

2.4 3.4 

2.4 3.4 

V 

Vql Low-level output voltage 

v C c = min, v ih = 2V 

V||_ = 0.8 V, l 0L = 16 mA 

0.2 0.4 

0.2 0.4 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

1 

mA 

l|H High-level input current 

Vcc = MAX, V, = 2.4 V 

40 

40 

mA 

l|l_ Low-level input current 

V C c = MAX, V| = 0.4 V 

-1.6 

-1.6 

mA 

Iqs Short-circuit output current^ 

V C c = max 

-20 -55 

-18 -55 

mA 

Ice Supply current 

Vcc = MAX, See Note 2 

30 43 

30 50 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type, 
t All typical values are at Vc.C. = 5 V, = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 2: \qq * s measured with the inputs grounded and the outputs open. 

switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 1! 

FROM 

(INPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tPLH 

A or B 

Other input low 

C|_ = 15 pF, 

R l = 400 n, 

See Note 3 

15 

23 

ns 

tPHL 

11 

17 

tPLH 

A or B 

Other input high 

18 

30 


tPHL 

13 

22 



IWpLH = propagation delay time, low-to-high-level output 
tpH l = propagation delay time, highto-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-1 0. 
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TYPES SN54L86, SN74L86 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc ( see Note 1) 7 V 

Input voltage (see Note 4) 5.5 V 

Operating free-air temperature range: SN54L86 -55°Cto125°C 

SN74L86 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 

4. Input voltages must be zero or positive with respect to network ground terminal. 


recommended operating conditions 



SN54L86 

SN74L86 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, IgH 

-100 

-200 

m a 

Low-level output current, Iql 

2 

3.6 

mA 

Operating free-air temperature, 

-55 125 

o 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

SN54L86 

SN74L86 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V | (_j High-level input voltage 


2 

2 

V 

V||_ Low-level input voltage 


0.7 

0.7 

V 

Vqh High-level output voltage 

Vcc = MIN, V| H = 2V, 

V|l = 0.7V, I 0 h = MAX 

2.4 3.3 

2.4 3.2 

V 

Vql Low-level output voltage 

Vcc = MIN, V| H = 2V, 

V||_ = 0.7 V, l OL = WIAX 

0.15 0.3 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V C c = MAX. Vi = 5.5 V 

200 

200 

juA 

!|l-l High-level input current 

Vcc = MAX, V| = 2.4 V 

20 

20 

mA 

1 1 1 _ Low-level input current 

Vcc = MAX, V, = 0.3 V 

—0.36 

-0.36 

mA 

Iqs Short-circuit output current 

V C c = MAX 

-3 -15 

—3 -15 

mA 

ICCH Supply current, all outputs high 

Vcc = MAX, See Note 5 

2.2 4.4 

2.2 4.4 

mA 

ICCL Supply current, all outputs low 

Vcc = MAX, See Note 6 

3.8 6.68 

3.8 6.68 

mA 


* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are at Vqq = 5 V,T^ = 25°C. 

NOTES: 5. IcCH * s measured with all outputs open, one input of each gate at 4.5 V, and the other inputs grounded. 
6. IcCL * s measured with all outputs open and all inputs at 4.5 V. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


parameterU 

FROM 

(INPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

IPLH 

A or B 

Other input low 

C L = 50 pF, 

R L = 4 kn, 

See Note 7 

75 

150 


tPHL 

60 

150 


t PLH 

A or B 

Other input high 

50 

90 


tPHL 

35 

60 



^tpm = propagation delay time, low-to-high-level output 
tp|_j l = propagation delay time, high-to-low-level output 
NOTE 7: Load circuit and voltage waveforms are shown on page 3-1 1. 
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TYPES SN54LS86, SN74LS86 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 

REVISED OCTOBER 1976 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Input voltage 7 V 

Operating free-air temperature range: SN54LS86 — 55°C to 125°C 

SN74LS86 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54LS86 

SN74LS86 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-400 

-400 

ItA 

Low-level output current, Iql 

4 

8 

mA 

Operating free-air temperature, T/\ 

-55 125 

o 

*sj 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS86 

SN74LS86 

UNIT 

MIN TYPt MAX 

MIN TYPf MAX 

V|n High-level input voltage 


2 

2 

V 

V | j_ Low-level input voltage 


0.7 

0.8 

V 

V|k Input clamp voltage 

Vcc = MIN, 1| = — 18 mA 

-1.5 

-1.5 

V 

v OH High-level output voltage 

V C c = MIN, V|h = 2V, 
v IL = v IL rnax < *OH = —400 pA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

Vcc = min, 
V|h = 2V, 

V | l = V | (_ mas 

lOL = 4 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 mA 


0.35 0.5 

l| Input current at maximum input voltage 

V C c = MAX, V, = 7 V 

0.2 

0.2 

mA 

l||-l High-level input current 

Vcc = MAX, V, = 2.7 V 

40 

40 

fiA 

l|L Low-level input current 

Vcc = MAX, V, = 0.4 V 

-0.8 

-0.8 

mA 

*OS Short-circuit output currentS 

Vqc “ MAX 

-6 —40 

-5 —42 

mA 

ICC Supply current 

Vcc = MAX, See Note 2 

6.1 10 

6.1 10 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the appiicabie type, 
t All typical values are at Vcc = 5 V,T^ = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 2: Ice * s measured with the inputs grounded and the outputs open. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER^! 

FROM 

(INPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

*PLH 

A or B 

Other input low 

C L = 15 pF, 

R l = 2 kf2. 

See Note 7 

12 

23 

ns 

tPHL 

10 

17 

tPLH 

A or B 

Other input high 

20 

30 

ns 

tPHL 

13 

22 


HtpLH — propagation delay time, low-to-high-level output 
tp(_j l — propagation delay time, high-to-low-level output 
NOTE 7 : Load circuit and voltage waveforms are shown on page 3-1 1 . 
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TYPES SN54S86, SN74S86 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqq (see Note 1 ) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54S86 -55°Cto125°C 

SN74S86 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54S86 

SN74S86 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-1 

-1 

mA 

Low-level output current, Iql 

20 

20 

mA 

Operating free-air temperature, 

-55 125 

o 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

SN54S86 

SN74S86 

UNIT 

MIN TYP? MAX 

MIN TYPJ MAX 

V||-| High-level inputvoltage 


2 

2 

V 

V||_ Low-level input voltage 


0.8 

0.8 

V 

V|k Input clamp voltage 

V C c = MIN, 1 1 = — IS mA 

-1.2 

-1.2 

V 

Vqh High-level output voltage 

Vcc = MIN, V|h = 2V, 

V|l = 0.8V, Iqh = — 1 mA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

Vqc = MIN, V| H = 2 V 

V|L = 0.8 V, Iqi = 20 mA 

0.5 

0.5 

V 

!| Input current at maximum inputvoltage 

Vcc = M AX, V, = 5.5 V 

1 

1 

mA 

l|j-j High-level input current 

V C c = MAX, Vj = 2.7 V 

50 

50 

MA 

1 1 (_ Low-level input current 

Vcc = MAX, V, = 0.5 V 

-2 

-2 

mA 

Iqs Short-circuit output currenti 

Vcc = max 

-40 -100 

-40 -100 

mA 

IqC Supply current 

Vcc = MAX, See Note 2 

50 75 

50 75 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type, 
t All typical values are at = 5V, T^ = 25° C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: [ qq ' s measured with the inputs grounded and the outputs open. 


switching characteristics, Vqc = 5 V, Ta = 25° C 


parameterII 

FROM 

(INPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tPLH 

A or B 

Other input low 

C L = 15 pF, 

R|_ = 280 n. 

See Note 3 

7 

10.5 

ns 

tPHL 

6.5 

10 

tPLH 

A or B 

Other input high 

7 

10.5 

ns 

IPHL 

6.5 

10 


HtpLH = propagation delay time, low-to-high-level output 
tpHL = propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-1 0. 
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TYPES SN54H87, SN74H87 
4-BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENTS 

BULLETIN NO. DL-S 7211837, DECEMBER 1972 


description 

Operation of these monolithic 4-bit true/complement 
elements is controlled by the B and C inputs. With 
the B input low, the 4-bit binary input (A) is 
transferred to the output (Y) in either complemen- 
tary form (with C low) or true form (with C high). 
When the B input is high, the output will be at the 
complementary level of the C input regardless of the 
levels of the data inputs. 

These circuits are fully compatible for use with other 
TTL or DTL circuits. Input clamping diodes are 
provided to minimize transmission line effects and 
thereby simplify system design. Each input represents 
only one normalized series 54H/74H load, and full 
fan-out to 10 series 54H/74H loads is available from 
each of the outputs in the low-level condition. 

Power dissipation is 270 mW typically with an 
average propagation delay of 1 4 ns from data inputs 
to output. 

The SN54H87 is characterized for operation over the 
full military temperature range of — 55° C to 125°C, 
and the SN74H87 is characterized for operation from 
0°C to 70°C. 


SN54H87 . ... J OR W PACKAGE 
SN74H87 . . . J OR N PACKAGE 
(TOP VIEW) 


VCC A4 Y4 NC A3 Y3 B 






— 


A4 Y4 A3 Y3 

C B 

A1 Y1 A2 Y2 





TiRiriirLin 

C A1 Y1 NC 

•mrur 

A2 Y2 GND 


positive logic: see function table 


NC— No internal connection 


FUNCTION TABLE 


CONTROL 

INPUTS 

OUTPUTS 

B 

C 

Y1 

Y2 

Y3 

Y4 

L 

L 

A1 

m 

A3 

A4 

L 

H 

A1 

A2 

A3 

A4 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 


H = high level, L = low level 

A1 , A2, A3, A4 = the level of the respective A input. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54H87 Circuits — 55°Cto125°C 

SN74H87 Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54H87 

SN74H87 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-1 

-1 

mA 

Low-level output current, Iql 

20 

20 

mA 

Operating free-air temperature, T/\ 

-55 125 

0 70 

°C 
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TYPES SNS4H87, SN74H87 
4-BIT TRUE/COMPLEMENT. ZERO/ONE ELEMENTS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN 

TYPt 

MAX 

UNIT 

V|H 

High-level input voltage 


2 

V 

VlL 

Low-level input voltage 


0.8 

V 

V|K 

Input clamp voltage 

Vcc = MIN, 

l| = 

—8 mA 

-1.5 

V 

V 0H 

High-level output voltage 

V C c = min, 

V| L = 0.8 V, 

V tH =2V, 

•OH = - 1 mA 

2.4 

3.5 


V 

v OL 

Low-level output voltage 

V C c = min, 
V||_ = 0.8 V, 

V IH = 2V, 

Iql = 20 mA 


0.2 

0.4 

V 

l| 

Input current at maximum input voltage 

Vcc = max. 

V|, 

= 5.5 V 

1 

mA 

•lH 

High-level input current 

Vcc = MAX, 

V| 

= 2.4 V 

50 

MA 

IlL 

Low-level input current 

V C C = max. 

V| 

= 0.4 V 

-2 

mA 

'os 

Short-circuit output current^ 

Vcc = max 

—40 


-100 

mA 

•cc 

Supply current 

Vcc ” MAX, 


SN54H87 


54 

78 

mA 

See Note 2 


SN74H87 


54 

8S 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
$AII typical values are at Vqq = 5V.Ta= 25°C. 

§ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed 1 second. 

NOTE 2: Iqq is measured for the following conditions: 

a. All A inputs are at 4.5 V, B and C inputs are grounded, and all outputs are open. 

b. B and C inputs are at 4.5 V, all A inputs are grounded, and all outputs are open. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

MAX 

Propagation delay time, low-to-high- 

tpLH 

level output from any A input 

C L = 25pF, R|_ = 280 £2, 

See Note 3 

14 20 

ns 

Propagation delay time, high-to-low- 

tpHL 

level output from any A input 

13 19 

ns 

Propagation delay time, low-to-high- 

tpLH 

level output from B or C inputs 

17 25 

ns 

Propagation delay time, high-to-low- 

tpHL 

level output from B or C inputs 

17 25 

ns 


NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 


functional block diagram and schematics of inputs and outputs 
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TTI TYPES SN5490A, SN5492A. SN5493A. SN54L90.SN54L93, 

111 SNS4LS90, SN54LS92, SN54LS93, SN7490A, SN7492A, SN7493A, 

MSI SN74L90, SN74L93, SN74LS90, SN74LS92, SN74LS93 

DECADE. DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

BULLETIN NO. DL-S 7611807, MARCH 1974-REVISED OCTOBER 1976 


'90A, 'L90, 'LS90 . . . DECADE COUNTERS 

'92A, 'LS92 . . . DIVIDE-BY-TWELVE 
COUNTERS 

'93A, 'L93, 'LS93 . . . 4-BIT BINARY 
COUNTERS 


TYPES 

’90A 
’L90 
'LS90 
’92A, '93A 
'LS92, 'LS93 


TYPICAL 

POWER DISSIPATION 

145 mW 
20 mW 
45 mW 
130 mW 
45 mW 


SN54', SN54LS’ . . . J OR W PACKAGE 
SN54L' . . . J OR T PACKAGE 
SN54’, SN74L', SN74LS' . . . J OR N PACKAGE 

'90 A, 'L90, 'LS90 (TOP VIEW) 


R^RSIqRdISIoIoII 




I^^H| 

In ul 

INPUT Roll) R0(2) NC V C c R9(1) R9I21 

positive logic: see function tables 


'L93 


16 mW 


'92A/LS92, (TOP VIEW) 


description 

Each of these monolithic counters contains four 
master-slave flip-flops and additional gating to 
provide a divide-by-two counter and a three-stage 
binary counter for which the count cycle length is 
divide-by-five for the '90A, 'L90, and 'LS90, 

divide-by-six for the '92A and 'LS92, and 

divide-by-eight for the '93A, 'L93, and 'LS93. 




immwmm 

- 

IHHI 

L 

BBiBifliBiBiBiOa 

iHHUf 

positive logic: see function tables 


All of these counters have a gated zero reset and the 
'90A, 'L90, and 'LS90 also have gated set-to-nine 
inputs for use in BCD nine's complement 
applications. 

To use their maximum count length (decade, divide- 
by-twelve, or four-bit binary) of these counters, the B 
input is connected to the output. The input 
count pulses are applied to input A and the outputs 
are as described in the appropriate function table. A 
symmetrical divide-by-ten count can be obtained 
from the '90A, 'L90, or 'LS90 counters by 
connecting the Qq output to the A input and 
applying the input count to the B input which gives a 
divide-by-ten square wave at output Q/\. 


'93A, 'LS93 (TOP VIEW) 




fiUHHfll 

I 

H 


III 

|B|B|B|0|B|B|B| 

positive logic: see function tables 


'L93 (TOP VIEW) 


[Tr 

Ui3i_|i2U"U»U >L 

-LLji 


0 A Qo Qc Q B 


r 

B< O 

— Rom 

R0(2| 


u 




positive logic: see function tables 


NC— No internal connection 
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TYPES SN5490A, 92A, 93A, SN54L90, 193. SN54LS90, 1S92, LS93. 
SN7490A, '92A, '93A, SN74L90, 193, SN74LS90, LS92, LS93 
DECADE. DIVIDE-BY-TWELVE, AND BINARY COUNTERS 


'90A, 'L90, ’LS90 
BCD COUNT SEQUENCE 
(See Note A) 


COUNT 

OUTPUT 

Qd Qc Qb q a 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

5 

L 

H 

L 

H 

6 

L 

H 

H 

L 

7 

L 

H 

H 

H 

8 

H 

L 

L 

L 

9 

H 

L 

L 

H 


'90A, 'L90, 'LS90 
BI QUINARY (5-21 
(See Note B) 


COUNT 

OUTPUT 

Qa q o q c q b 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

5 

H 

L 

L 

L 

6 

H 

L 

L 

H 

7 

H 

L 

H 

L 

8 

H 

L 

H 

H 

9 

H 

H 

L 

L 


'90A/L90, 'LS90 


RESET/COUNT FUNCTION TABLE 


RESET INPUTS 

OUTPUT 

R 0(1l r 0(2I r 9U) r 9(2) 

Qo °c q b Qa 

H H L X 

H H X L 

X X H H 

X L X L 

L X L X 

L X X L 

X L L X 

LULL 

L L L L 

H L L H 

COUNT 

COUNT 

COUNT 

COUNT 


NOTES: A. Output Qa is connected to input B for BCD count. 

B. Output Qq is connected to input A for bi-quinary 
count. 

C. Output Qa is connected to input B. 

D. H = high level, L = low level, X = irrelevant 

functional block diagrams 


'92A/LS92 


COUNT SEQUENCE 
(See Note C) 


COUNT 

OUTPUT 

Qd 

Q 

O 

Qb 

Qa 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

5 

L 

H 

L 

H 

6 

H 

L 

L 

L 

7 

H 

L 

L 

H 

8 

H 

L 

H 

L 

9 

H 

L 

H 

H 

10 

H 

H 

L 

L 

11 

H 

H 

L 

H 


'93A, 'L93, -LS93 
COUNT SEQUENCE 
(See Note C) 


COUNT 

OUTPUT 

q d 

Qc 

Qb 

Qa 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

5 

L 

H 

L 

H 

6 

L 

H 

H 

L 

7 

L 

H 

H 

H 

8 

H 

L 

L 

L 

9 

H 

L 

L 

H 

10 

H 

L 

H 

L 

11 

H 

L 

H 

H 

12 

H 

H 

L 

L 

13 

H 

H 

L 

H 

14 

H 

H 

H 

L 












'92A, ' LS92, '93A, ' L93, ' LS93 
RESET/COUNT FUNCTION TABLE 


RESET INPUTS 

OUTPUT 

R 0(1> R 0(2) 

q d Qc q b Qa 

H H 

L X 

X L 

L L L L 

COUNT 

COUNT 


'90A, 'L90, 'LS90 


R 9(1! - 




J Q 

>CK 

K 

(12) | 

INPUT A 






INPUT B 




'92A, 'LS92 


'93A, 'L93, 'LS93 



('93A)['L93] 



The J and K Inputs shown without connection are for reference only and are functionally at a high level. 
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TYPES SN5490A, '92A, 93A, SN54L90, 193. SN54LS90, LS92, LS93, 
SN7490A, '92A, 93A, SN74L90, 193. SN74LS90, LS92. 'LS93 
DECADE, DIVIDE-BY-TWELVE. AND BINARY COUNTERS 

REVISED OCTOBER 1976 

schematics of inputs and outputs 


'90A, '92 A, '93A 


EQUIVALENT OF EACH INPUT 



B C90A, '92A) 1.25 kJJ 

B C93A) 2.5 kfi 

All resets 6 k Q 


TYPICAL OF ALL OUTPUTS 




’L90, 'L93 


EQUIVALENT OF EACH INPUT 
EXCEPT A AND B OF 'L93 



A CLOT) 13.3 kii 

B CLOT) 6.67 kQ 

All resets 40 kfl 


EQUIVALENT OF A AND B 
INPUTS OF ’L93 



TYPICAL OF ALL OUTPUTS 


cc 

500 t2 NOM 



'LS90, 'LS92, ‘LS93 


EQUIVALENT OF EACH RESET INPUT 


EQUIVALENT OF A AND B INPUTS 


TYPICAL OF ALL OUTPUTS 



A 10 kQ 10 kQ 10 kfi 

B CLS90, 'LS92I 6.7 kfi 6.7 kfi 5 kQ 
B CLS93) 15 kfl 15kS7 10 kQ 
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TYPES SN5490A, SN5492A, SN5493A, SN7490A. SN7492A, SN7493A 
DECADE, DIVIDE-BY-TWELVE. AND BINARY COUNTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note D 7 V 

Input voltage 5.5 V 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN5490A, SN5492A, SN5493A — 55°C to 125°C 

SN7490A, SN7492A, SN7493A 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For these circuits, this rating applies between the two Rq 
inputs, and for the '90A circuit, it also applies between the two Rg inputs. 


recommended operating conditions 



SN5490A, SN5492A 

SN5493A 

SN7490A, SN7492A 

SN7493A 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-800 

-800 

pA 

Low-level output current, Iql 

16 

16 

mA 

Count frequency, f coun t (see Figure 1) 

A input 

0 32 

0 32 

MHz 

B input 

0 16 

0 16 

Pulse width, t w 

A input 

15 

15 

ns 

B input 

30 

30 

Reset inputs 

15 

15 

Reset inactive-state setup time, t su 

25 

25 

ns 

Operating free-air temperature, T f\ 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

•90A 

•92A 

'93A 

UNIT 

MIN TYP+ MAX 

MIN TYP+ MAX 

MIN TYP+ MAX 

V|h High-level input voltage 


2 

2 

2 

V 

V||_ Low-level input voltage 


0.8 

0.8 

0.8 

V 

V|K Input clamp voltage 

Vcc = MIN, l| = —12 mA 

-1.5 

-1.5 

-1.5 

V 

Voh High-level output voltage 

V C c = MIN, v ih = 2V, 

V||_ = 0.8 V, I oh = -800mA 

2.4 3.4 

2.4 3.4 

2.4 3.4 

V 

Vql Low-level output voltage 

V C c = MIN, V|h = 2 V, 

V| L = 0.8 V, l 0 L = 16mAfl 

0.2 0.4 

0.2 0.4 

0.2 0.4 

V 

Input current at 

l| 

maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

1 

1 

mA 

High-level 

1 1 H 

input current 

Any reset 

Vcc = MAX, V, = 2.4 V 

40 

40 

40 

mA 

A input 

80 

80 

80 

B input 

120 

120 

80 

Low-level 

1 1 L 

input current 

,Any reset 

V C c = MAX, V| = 0.4 V 

-1.6 

-1.6 

-1.6 

mA 

A input 

-3.2 

-3.2 

-3.2 

B input 

-4.8 

-4.8 

-3.2 

Short-circuit 
lOS s 

output currents 

V C C= MAX 

SN54' 

-20 -57 

-20 -57 

-20 -57 

mA 

SN74' 

-18 -57 

-18 -57 

-18 -57 

ICC Supply current 

Vcc = max. See Note 3 

29 42 

26 39 

26 39 ] mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

? All typical values are at Vqq = 5 V, T A = 25°C. 

§Not more than one output should be shorted at a time. 

^Q a outputs are tested at Iql = 16 mA plus the limit value for I j L for the B input. This permits driving the B input while maintaining full 
fan-out capability. 

NOTE 3: Iqq is measured with ail outputs open, both Rq inputs grounded following momentary connection to 4.5 V, and all other inputs 
grounded. 
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TYPES SNS490A. SN5492A, SN5493A, SN7490A. SN7492A, SN7493A 
DECADE. DIVIDE-BY-TWELVE. AND BINARY COUNTERS 


switching characteristics, Vcc “5 V, Ta = 25° C 


PARAMETER^ 

FROM 

TO 

TEST CONDITIONS 

'90A 

'92A 

'93A 

UNIT 

(INPUT) 

(OUTPUT) 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

fmax 

A 

Qa 


32 

42 


32 

42 


32 

42 


MHz 

B 

q b 


16 

16 



tPLH 


Qa 



10 

16 


10 

16 


10 

16 

ns 

tPHL 




12 

18 


12 

18 


12 

18 

tPLH 


q d 



32 

48 


32 

48 


46 

70 


tpHL 

A 



34 

50 


34 

50 


46 

70 

tPLH 

B 

q b 

C L = 15 pF, 


10 

16 


10 

16 


10 

16 

ns 

tPHL 

Rl = 400 n. 


14 

21 


14 

21 


14 

21 

tPLH 

B 

Qc 

See Figure 1 


21 

32 


10 

16 


21 

32 


tPHL 



23 

35 


14 

21 


23 

35 


tPLH 

B 

Qd 



21 

32 


21 

32 


34 

51 

ns 

tPHL 



23 

35 


23 

35 


34 

51 

tPHL 

Set-to-0 

Any 



26 

40 


26 

40 


26 

40 


tPLH 

Set-to-9 

q a-Qd 



20 

30 



ns 

tPHL 

Qb. q c 



26 

40 




^ f max = maximum count frequency 
tpj_H ^propagation delay time, low-to-high-level output 
tpH l — propagation delay time, high-to-low-level output 
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TYPES SN54L90, SN54L93, SN74L90. SN74L93 
DECADE AND BINARY COUNTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ($ ee Note 4) 8 V 

Input voltage (see Note 5) 5.5 V 

Operating free-air temperature range: SN54L90, SN54L93 — 55°Cto125°C 

SN74L90, SN74L93 0°C to 70° C 

Storage temperature range — 65° C to 150°C 

NOTES: 4. Voltage values are with respect to network ground terminal. 


5. Input voltages must be zero or positive with respect to network ground terminal. 


recommended operating conditions 



SN54L90, SN54L93 

SN74L90, SN74L93 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

Count frequency, f COU nt 

0 3 

0 3 

MHz 

High-level output current, Iqh 

-100 

-200 

mA 

Low-level output current, Iql 

2 

3.6 

mA 

Width of input count pulse, t w ( count ) 

200 

200 

ns 

Width of reset puise, tw(reset) 

200 

200 

ns 

Operating free-air temperature, 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS’ 1 ’ 

'L90 

'L93 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V)n High-level input voltage 


2 

2 

V 

V||_ Low-level input voltage 


0.7 

0.7 

V 

Voh High-level output voltage 

SN54L' 

Vcc = MIN, v ih=2V, 

V|l = 0.7V, Iqh = MAX 

2.4 3.3 

2.4 3.3 

V 

SN74L' 

2.4 3.2 

2.4 3.2 

Vql Low-level output voltage 

SN54L' 

V C c = min, v IH = 2V , 

V| L = 0.7 V, l 0 L = MAXll 

0.15 0.3 

0.15 0.3 

V 

SN74L' 

0.2 0.4 

0.2 0.4 

input current at 

■l ■ . t lt 

maximum input voltage 

Any reset input 

v C c = max, Vj = 5.5 v 

100 

100 

M A 

A input 

300 

200 

B input 

600 

200 

High-level input 

1 1 H 

current 

Any reset input 

Vcc = MAX, V| = 2.4 V 

10 

10 

mA 

A input 

30 

20 

B input 

60 

20 

Low-level input 

l|L 

current 

Any reset input 

Vcc = MAX, V| = 0.3 V 

-0.18 

-0.18 

mA 

A input 

-0.54 

-0.36 

B input 

-1.08 

-0.36 

lOS Short-circuit output current! 

Vcc = MAX 

-3 -15 

-3 -15 

mA 

ICC Supply current 

Vcc = MAX, See Note 3 

4 7.2 

3.2 6.6 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

$AII typical values are at Vqq = 5 V,T^ = 25°C. 

§Not more than one output should be shorted at a time. 

f Qa outputs are tested at I q j_ = MAX plus the limit value for 1 1 1 _ for the B input. This permits driving the B input while maintaining full 
fan-out capability. 

NOTE 3: l^C is measured with all outputs open, both Rg inputs grounded following momentary connection to 4.5 V, and all other inputs 
grounded. 

switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER 

TEST CONDITIONS 

'L90 

'L93 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

f m ax Maximum count frequency 


3 6 

3 6 

MHz 

Propagation delay time, low-to-high-level Qn 

tpLH 

output from input A 

C|_ = 50pF, R|_ = 4 kS7, 

See Figure 1 

230 340 

280 450 

ns 

Propagation delay time, high-to-low-level Qn 

tpHL 

output from input A 

230 340 

280 450 

ns 


374 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 


7 - 






TYPES SN54LS90, SN54LS92. SN54LS93, 

SN74LS90, SN74LS92, SN74LS93 

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

REVISED OCTOBER 1976 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ( see 4) 7 V 

Input voltage: R inputs 7 V 

A and B inputs 5.5 V 

Operating free-air temperature range: SN54LS' Circuits -55°Cto125°C 

SN74LS' Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

NOTE 4: Voltage values are with respect to network ground terminal. 

recommended operating conditions 


recommended operating conditions 



SN54LS90 

SN54LS92 

SN54LS93 

SN74LS90 

SN74LS92 

SN74LS93 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-400 

-400 

mA 

Low-level output current, Iql 

4 

8 

mA 

Count frequency, f CO unt ( see F'9 ure D 

A input 

0 32 

0 32 

MHz 

B input 

0 16 

0 16 

Pulse width, t w 

A input 

15 

15 

ns 

B input 

30 

30 

Reset inputs 

15 

15 

Reset inactive-state setup time, t su 

25 

25 

ns 

Operating free-air temperature, 

-55 125 

o 

f"- 

o 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

SN54LS90 

SN54LS92 

SN74LS90 

SN74LS92 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V)h High-level input voltage 


2 

2 

V 

V 1 1 _ Low-level input voltage 


0.7 

0.8 

V 

V|K Input clamp voltage 

V CC = MIN, l| = — 18 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

V CC = MIN, V| H = 2V, 

V(l = V|L max - tOH = — 400 mA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

Vcc = MIN. V| H = 2 V, 

Vjl = V|l max. 

Iql = 4 

0.25 0.4 

0.25 0.4 

v 

Iql = 8 mAH 


0.35 0.5 

Input current 

l| at maximum 

input voltage 

Any reset 

V C c = M AX . V, = 7 V 

0.1 

0.1 

mA 

A input 

Vcc = MAX, V | = 5.5 V 

0.2 

0.2 

B input 

0.4 

0.4 

High-level 

1 1 H 

input current 

Any reset 

Vcc = MAX, V | = 2.7 V 

20 

20 

PA 

A input 

40 

40 

B input 

80 

80 

Low-level 

hL 

output current 

Any reset 

V C c = MAX, V| = 0.4 V 

-0.4 

-0.4 

mA 

A input 

-2.4 

-2.4 

B input 

-3.2 

-3.2 

lOS Short-circuit output currenti 

V C c = max 

-20 -100 

-20 -100 

mA 

ICC Supply current 

Vqc = MAX, See Note 3 

'LS90 

9 15 

9 15 

mA 

'LS92 

9 15 

9 15 


"'"For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at Vcc = 5 V, T A = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

^ Outputs are tested at specified Iql plus the limit value of I | L for the B input. This permits driving the B input while maintaining full fan-out 
capability. 

NOTE 3: Ice is measured with all outputs open, both Rq inputs grounded following momentary connection to 4.5 V, and all other inputs 
grounded. 
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TYPES SN54LS90, SN54LS92. SN54LS93, 
SN74LS90, SN74LS92, SN74LS93 
DECADE, DIVIDE-BY -TWELVE. AND BINARY COUNTERS 

REVISED OCTOBER 1976 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS93 

SN74LS93 

UNIT 

MIN TYPt MAX 

MIN TYP* MAX 

V|n High-level input voltage 


2 

2 

V 

V||_ Low-level input voltage 


0.7 

0.8 

V 

V IK Input clamp voltage 

V CC = MIN, l| = —18 mA 

-1.5 

-1.5 

V 

Voh High-level output voltage 

V CC = MIN, V| H = 2 V, 

V | l = V i l max, Iqh = -400pA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

V CC = MIN, V|h = 2V, 

V|l = V|l max 

lOL = 4 mAU 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 mAH 


0.35 0.5 

Input current 

l| at maximum 

input voltage 

Any reset 

V CC = MAX, V| = 7 V 

0.1 

0.1 

mA 

A or B input 

V C c = MAX, V, = 5.5 V 

0.2 

0.2 

High-level 

1|H 

input current 

Any reset 

V C c = MAX, V, = 2.7 V 

20 

20 

liA 

A or B input 

40 

80 

Low-level 

1 1 L . . 

output cutieiiL 

Any reset 

Vqc = MAX, V| = 0.4 V 

-0.4 

-0.4 

mA 

A input 

-2.4 

-2.4 

B input 

-1.6 

-1.6 

! 0r> Short-circuit output current? 

V CC = 

-20 -100 

—20 — 100 

mA 

ICC Supply current 

Vqc = MAX, See Note 3 

9 15 

9 15 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

$AII typical values are at Vqq = 5 V, T A = 25°C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

Hq a outputs are tested at specified Iql plus the limit value for I for the B input. This permits driving the B input while maintaining full 
fan-out capability. 

NOTE 3: Iqq is measured with all outputs open, both Rq inputs grounded following momentary connection to 4.5 V, and all other inputs 
grounded. 


PARAMETERS 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

'LS90 

'LS92 

'LS93 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

fmax 

A 

Qa 

C|_ = 15 pF, 

R|_ = 2 kfi 

See Figure 1 

32 42 

32 42 

32 42 

MHz 

B 

Qb 

16 

16 

16 

tPLH 

A 

q a 

10 16 

10 16 

10 16 

ns 

tPHL 

12 18 

12 18 

12 18 

tPLH 

A 

Qd 

32 48 

32 48 

46 70 

ns 

tPHL 

34 50 

34 50 

46 70 

tPLH 

B 

q b 

10 16 

10 16 

10 16 

ns 

tPHL 

14 21 

14 21 

14 21 

tPLH 

B 

Qc 

21 32 

10 16 

21 32 

ns 

*PHL 

23 35 

14 21 

23 35 

tPLH 

B 

q d 

21 32 

21 32 

34 51 

ns 

tPHL 

23 35 

23 35 

34 51 

tPHL 

Set-to-0 

Any 

26 40 

26 40 

26 40 

ns 

tPLH 

Set-to-9 

Qa. q d 

20 30 



ns 

tPHL 

Qb. q c 

26 40 




^fmax s maximum count frequency 
tpLR = propagation delay time, low-to -high-level output 
tpHL— propagation delay time, high-to-lowlevel output 
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TYPES SN5490A, SN5492A, SN5493A, SN54L90, SN54L93, 
SN54LS90, SN54LS92, SN54LS93. SN7490A, SN7492A. SN7493A, 
SN74L90, SN74L93, SN74LS90. SN74LS92, SN74LS93 
DECADE. DIVIDE-BY-TWELVE, AND BINARY COUNTERS 

PARAMETER MEASUREMENT INFORMATION 



FROM OUTPUT 
UNDER TEST 


LOAD CIRCUIT 



NOTES: A. Input pulses are supplied by a generator having the following characteristics: 

for '90A, '92A, '93A, t r < 5 ns, tf < 5 ns, P R R = 1 MHz, duty cycle = 50%, Z Qut « 50 ohms; 
for 'L90, 'L93, t r < 15 ns, tf < 15 ns, PRR = 500 kHz, duty cycle = 50%, Z out « 50 ohms; 
for 'LS90, 'LS92, 'LS93, t r < 15 ns, tf < 5 ns, PRR = 1 MHz, duty cycle - 50%, Z out « 50 ohms. 

B. C|_ includes probe and jig capacitance. 

C. Cl (30 pF) is applicable for testing 'L90 and 'L93. 

D. All diodes are 1N9 16 or IN 3064. 

E. Each reset input is tested separately with the other reset at 4.5 V. 

F. Reference waveforms are shown with dashed lines. 

G. For ’90A, ’92A, and '93A; V ref = 1.5 V. For 'L90, 'L93, 'LS90, 'LS92, and 'LS93; V ref = 1.3 V. 


FIGURE 1 
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TTL TYPES SN5491A, SN54L91, SNS4LS91. SN7491A. SN74L91. SN74LS91 
MSI 8-BIT SHIFT REGISTERS 


BULLETIN NO. DL-S 7611854. MARCH 1974-REVISED OCTOB ER 1976 

MSI TTL SHIFT REGISTERS 
for applications in 

• Digital Computer Systems • Data-Handling Systems • Control Systems 


SIM 5491 A, SN54LS91 . . . J PACKAGE 
SN54L91 , SN7491 A, SN74L91, SN74LS91 . . . J OR N PACKAGE 
DUAL-IN-LINE PACKAGE (TOP VIEW! 


FUNCTION TABLE 


INPUTS 

AT t n 

OUTPUTS 

AT t n +g 

A B 

I 

Id 

X 

a 

H H 

L X 

X L 

H L 

L H 

L H 


t n = Reference bit time, 
clock low 

t n +8 = Bit time after 8 
low-to-high 
clock transitions. 


GfSID CLOCK NC 




NC NC NC NC VCC NC NC 


SN5491A, SN54LS91 . . . W PACKAGE 
SN54L91, SN74L91 . . . T PACKAGE 
FLAT PACKAGE (TOP VIEW) 






NC NC VcC NC 


positive logic: see function table 


NC — No internal connection 


TYPE 

TYPICAL 

MAXIMUM 

CLOCK 

FREQUENCY 

TYPICAL 

POWER 

DISSIPATION 

'91 A 

18 MHz 

175 mW 

'L91 

6.5 MHz 

17.5 mW 

'LS91 

18 MHz 

60 mW 


description 

These monolithic serial-in, serial-out, 8-bit shift regis- 
ters utilize transistor-transistor logic (TTL) circuits 
and are composed of eight R-S master-slave flip-flops, 
input gating, and a clock driver. Single-rail data and 
input control are gated through inputs A and B and 
an internal inverter to form the complementary 
inputs to the first bit of the shift register. Drive for 
the internal common clock line is provided by an 
inverting clock driver. This clock pulse inverter/driver 
causes these circuits to shift information one bit on 
the positive edge of an input clock pulse. 


functional block diagram 


schematics of inputs and outputs 


'91A, 'L91 


'LS91 


EQUIVALENT OF EACH INPUT 

EQUIVALENT OF EACH INPUT 

v cc • 

— 





v cc » 

— 

jT~\ 


17 ki'2 NOM £ 


INPUT / \ 

— 

| 


! 

1 

INPUT — f-JM 

— 

! 

l 





% - 

1 

/7 


T ! 

1 

'91 A:Req = 4 kfi NOM 



'LSliRgq = 40 kSl NOM 




•91A, 'L91 'LS91 


TYPICAL OF BOTH OUTPUTS 

f v cc 

| R 

TYPICAL OF BOTH OUTPUTS 

120 S2 NOM | CC 

i OUTPUT 

■91 A: R = 130 SI NOM 

'L91: R = 500 SI NOM 

t j- OUTPUT 


(DUAL-IN-LINE} (FLAT PACKAGE] 



1076 

Texas Instruments 

INCORPORATED 



7-81 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 












TYPES SN5491A, SN7491A 
8-BIT SHIFT REGISTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ( see Note 1 ) 7 V 

Input voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN5491A -55°Cto125°C 

SN7491A 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTES: 1 . Voltage values are with respect to network ground terminal. 

2. Input signals must be zero or positive with respect to network ground terminal. 


recommended operating conditions 



SN5491A 

SN7491A 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-400 

-400 

pA 

Low-level output current, Iol 

16 

16 

mA 

Width of clock input pulse, t w 

25 

25 

ns 

Setup time, t su (see Figure 1) 

25 

25 

ns 

Hold time, tf, (see Figure 1 ) 

0 

0 

ns 

Operating free-air temperature, 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

SN5491A 

SN7491A 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

V | h High-level input voltage 


2 

2 

V 

V|l Low-level input voltage 


0.8 

0.8 

V 

VoH High-level output voltage 

Vcc = MIN, V| H = 2V, 

V||_ = 0.8 V, iOH = —400 pA 

2.4 3.5 

2.4 3.5 

V 

Vql Low-level output voltage 

Vcc = min, V|H = 2V, 

V||_ = 0.8 V, Iql = 16 mA 

0.2 0.4 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V C c = MAX, V| = 5.5 V 

1 

1 

mA 

l|H High-level input current 

Vcc = MAX, V| = 2.4 V 

40 

40 

MA 

l|l_ Low-level input current 

V C c = M AX . V, = 0.4 V 

-1.6 

-1.6 

mA 

Iqs Short-circuit output current § 

V C c = max 

-20 -57 

-18 -57 

mA 

ICC Supply current 

Vqq = MAX, See Note 3 

35 50 

35 58 

mA 


1 *For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at Vcc = 5 V,T A = 25°C. 

§ Not more than one output should be shorted at a time. 

NOTE 3: I qq is measured after the eighth clock pulse with the output open and A and B inputs grounded. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

f m ax Maximum clock frequency 

C L = 15 pF, 

10 18 

MHz 

tpLH Propagation delay time, low-to-high-level output 

R|_ = 400n, 

24 40 

ns 

tpHL Propagation delay time, high-to-low-level output 

See Figure 1 

27 40 

ns 
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TYPES SN54L91. SN74L91 
8-BIT SHIFT REGISTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 ) 8 V 

Input voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54L91 — 55°Cto125°C 

SN74L91 0°C to 70° C 

Storage temperature range — 65°Cto150°C 


NOTES: 1 . Voltage values are with respect to network ground terminal. 

2. Input signals must be zero or positive with respect to network ground terminal. 


recommended operating conditions 



SN54L91 

SN74L91 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-100 

-200 

FA 

Low-level output current, Iql 

2 

3.6 

mA 

Width ot clock input pulse, t w ( c |ock) 

High logic level 

100 

100 

ns 

Low logic level 

150 

150 

ns 

Setup time, t su (see Figure 1 i 

120 

120 

ns 

Hold time, tj, (see Figure 1) 

0 

0 

ns 

Operating free-air temperature, 

-55 1 25 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54L91 

SN74L91 

UNIT 

MIN TYPt MAX 

MIN TYP+ MAX 

V|n High-level inputvoltage 


2 

2 

V 

Vjl Low-level input voltage 


0.7 

0.7 

V 

Vqh High-level output voltage 

V CC = MIN, V|h = 2V, 

V|t_ = 0.7V, l 0 H = MAX 

2.4 3.3 

2.4 3.2 

V 

Vql Low-level output voltage 

V C c = MIN, V IH = 2V 

V|L = 0-7 V, l 0L = MAX 

0.15 0.3 

0.2 0.4 

V 

1 1 Input current at maximum input voltage 

V CC = MAX, V| = 5.5 V 

100 

100 

mA 

l|H High-level input current 

V C c = MAX, V, = 2.4 V 

10 

10 

mA 

l|l_ Low-level input current 

V C c = MAX, V| = 0.3 V 

-0.18 

-0.18 

mA 

Iqs Short-circuit output current 

V C c = max 

-3 -15 

-3 -15 

mA 

ICC Supply current 

V C c = MAX, See Note 3 

3.5 6.6 

3.5 6.6 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AII typical values are at Vqq = 5 V, T ^ = 25°C. 

NOTE 3: Iqq is measured after the eighth clock pulse with the outputs open and A and B inputs grounded. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

f max Maximum clock frequency 

Cl = 50 pF, R L = 4kfi, 

See Figure 1 

3 6.5 

MHz 

Propagation delay time, 

tpLH 

low-to-high-level output 

55 100 

ns 

Propagation delay time, 

tpHL 

high-to-low-level output 

100 150 

ns 
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TYPES SN54LS91, SN74LS91 
8-BIT SHIFT REGISTERS 

REVISED OCTOBER 1976 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Input voltage 7 V 

Operating free-air temperature range: SN54LS91 — 55°C to 125°C 

SN74LS91 0°C to 70° C 

Storage temperature range — 65°Cto150°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54LS91 

SN74LS91 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-400 

-400 

mA 

Low-level output current, Iql 

4 

8 

mA 

Width of clock input pulse, t w 

25 

25 

ns 

Setup time, t su (see Figure 1) 

25 

25 

ns 

Hold time, t^ (see Figure 1 ) 

0 

0 

ns 

Operating free-air temperature. Ta 

-55 125 

o 

r**> 

o 

“c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

SN54LS91 

SN74LS91 

UNIT 

MIN TYPf MAX 

MIN TYPt MAX 

V|H High-level input voltage 


2 

2 

V 

V||_ Low-level input voltage 


0.7 

0.8 

V 

V|« Input clamp voltage 

Vcc = MIN, l| = — 18 mA 

-1.5 

-1* 

V 

Vqh High-level output voltage 

V C c = MIN, V| H = 2 V, 

V|l = V||_ max, Iqh = -400 pA 

2.5 3.5 

2.7 3.5 

V 

Vql Low-level output voltage 

V C c = MIN. V| H = 2V, 

V|l = V|l max 

Iql ~ 4 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 mA 


0.35 0.5 

Input current at 

l| 

maximum input voltage 

V C C = MAX, V| = 7 V 

0.1 

0.1 

mA 

l|H High-level input current 

Vcc “ MAX, V, = 2.7 V 

20 

20 

pA 

l|L Low-level input current 

V C c = MAX, V, = 0.4 V 

-0.4 

-0.4 

mA 

■OS Short-circuit output current! 

V C c = MAX 

-20 -100 

-20 -100 

mA 

ICC Supply current 

Vcc = MAX, See Note 3 

12 20 

12 20 

mA 


^ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at V cc = 5 V, T A = 25 C. 

^Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 3: is measured after the eighth clock pulse with the output open and A and B inputs grounded. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

f ma x Maximum clock frequency 

C L = 15 pF, 

10 18 

MHz 

tpLH Propagation delay time, low-to-high-level output 

R|_ = 2 kn, 

24 40 

ns 

tp(-IL Propagation delay time, high-to-low-level output 

See Figure 1 

27 40 

ns 
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TYPES SN5491A, SN54L91, SN54LS91, SN7491A. SN74L91, SN74LS91 

8-BIT SHIFT REGISTERS 


PARAMETER MEASUREMENT INFORMATION 



CLOCK-PULSE 

INPUT 


1 2 thru 7 8 9 thru 15 16 17 18 19 thru 23 24 25 26 27 

rmvjm\7njmrmrjiiiruiR 

ji r~L 


OUTPUT Q h 


,_n i l 

TYPICAL INPUT/OUTPUT WAVEFORMS 




PROPAGATION DELAY TIMES VOLTAGE WAVEFORMS SWITCHING TIMES VOLTAGE WAVEFORMS 

NOTES: A. The generator has the following characteristics: tw(clock) = 500 ns, PRR < 1 MHz, Z out » 50 Cl. For SN5491 A/SN7491 A, 
t r « 10 ns and t f < 10 ns; for SN54L91/SN74L91, t r < 15 ns and tf < 15 ns; and for SN54LS91/SN74LS91 , t r = 15 ns, and 
tf = 6 ns. 

B. Cl includes probe and jig capacitance. 

C. All diodesare 1N3064or 1N916. 

D. Ci=30pFandis used for SN54L91/SN74L9 1 only. 

E. For SN549 1 A/SN7491 A, V ref = 1.5 V; for SN54L91/SN74L91 and SN54LS91/SN74LS91 , V ref = 1.3 V. 

FIGURE 1-SWITCHING TIMES 
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TYPES SN5494, SN7494 
4-BIT SHIFT REGISTERS 

BULLETIN NO. DL-S 7211812, DECEMBER 1972 

I TTL MSI PARALLEL-IN SERIAL-OUT REGISTERS 

I for application as 

• Dual-Source, Parallel-To-Serial Converter 
description 

These monolithic shift registers which utilize tran- 
sistor-transistor logic (TTL) circuits in the familiar 
Series 54/74 configuration, are composed of four R-S 
master-slave flip-flops, four AND-OR-INVERT gates, 
and four inverter-drivers. Internal interconnections of 
these functions provide a versatile register which 
performs right-shift operations as a serial-in, serial-out 
register or as a dual-source, parallel-to-serial convert- 
er. A number of these registers may be connected in 
series to form an n-bit register. 

All flip-flops are simultaneously set to a low output 
level by applying a high-level voltage to the clear 
input while the internal presets are inactive (high). 

See the preset function table below. Clearing is 
independent of the level of the clock input. 

The register may be parallel loaded by using the clear 
input in conjunction with the preset inputs. After 
clearing all stages to low output levels, data to be 
loaded is applied to either the PI or P2 inputs of each 
register stage (A, B, C, and D) with the corresponding 
preset enable input, PEI or PE2, high. Presetting, like 
clearing, is independent of the level of the clock 
input. 

Transfer of information to the outputs occurs on the positive-going edge of the clock pulse. The proper information 
must be setup at the R-S inputs of each flip-flop prior to the rising edge of the clock input waveform. The serial input 
provides this information for the first flip-flop, while the outputs of the subsequent flip-flops provide information for 
the remaining R-S inputs. The clear input must be at a low level and the internal presets must be inactive (high) when 
clocking occurs. 

PRESET FUNCTION TABLE 

(BIT A, TYPICAL OF ALL) 


H = high level (steady state), L = low level (steady state), X = irrelevant, t = transition from low to high level 

Q A g» Q B g, QcO' q D 0 “ the * eve ' °* ^A' Q C» or Q D' respectively, before the indicated steady-state input conditions were established. 
Q-/^ n , Qg n , Qcn = t * ie l eve * of Q/^, or Q-C' respectively, before the most-recent t transition of the clock. 


PRESET iNPUTS 

INTERNAL 

PRESET A 

PEI 

PI A 

PE2 

P2A 

L 

X 

L 

X 

H (inactive) 

L 

X 

X 

L 

H (inactive) 

X 

L 

L 

X 

H (inactive) 

X 

L 

X 

L 

H (inactive) 

H 

H 

X 

X 

L (active) 

X 

X 

H 

H 

L (active) 


REGISTER FUNCTION TABLE 


INTERNAL 

PRESETS 

inputs 

INTERNAL OUTPUTS 

OUTPUT 

A 

B 

C 

D 

CLEAR 

CLOCK 

SERIAL 

Qa 

q B 

Qc 

q D 

H 

H 

H 

H 

H 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

q A0 

q B0 

Q C0 

q D0 

L 

H 

L 

H 

L 

L 

X 

H 

q bo 

H 

Qdo 

H 

H 

H 

H 

L 

t 

H 

H 

°An 

°Bn 

QCn 

H 

H 

H 

H 

L 

t 

L 

L 

°An 

Q Bn 

QCn 


• Serial-In Serial-Out Register 


SN5494 . . . J OR W PACKAGE 
SN7494 . . . J OR N PACKAGE 
(TOP VIEW) 



TTL 

MSI 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc ( see Note 1) 7 V 

Input voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN5494 Circuits — 55°Cto125°C 

SN7494 Circuits 0°C to 70°C 

Storage temperature range — 65 C to 150 C 


NOTES: 1 . Voltage values are with respect to network ground terminal. 

2. Input voltage must be zero or positive with respect to network ground terminal. 
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TYPES SN5494, SN7494 
4-BIT SHIFT REGISTERS 


recommended operating conditions 



SN5494 

SN7494 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-400 

-400 

mA 

Low-level output current, IgL 

16 

16 

mA 

Width of clock pulse, t w ( c |ock) 

35 

35 

ns 

Width of clear pulse, t w ( c | 3ar ) 

30 

30 

ns 

Width of preset pulse, t w ( preset ) 

30 

30 

ns 

Setup time, t su 

High-level data 

35 

35 

ns 

Low-level data 

25 

25 

Hold time,th 

0 

0 

ns 

Operating free-air temperature, Ta 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN5494 

SN7494 i 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V | (_| High-level input voltage 


2 

2 

V 

Vil Low-level input voltage 


0.8 

0.8 

V 

Vqh High-level output voltage 

Vcc = M, N. V| H = 2V, 

V|l = 0.8 V, Ioh = - 4 00mA 

2.4 3.5 

2.4 3.5 

V 

Vql Low-level output voltage 

V C c = MIN, Vjh = 2 V, 

V|l = 0.8V, loL=16mA 

0.2 0.4 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V C C = MAX, V t = 5.5 V 

1 

1 

mA 

l|H High-level input current 

Presets 1 and 2 

Vcc = MAX, v l = 2 4 v 

160 

160 

mA 

Other inputs 

40 

40 

l||_ Low-level input current 

Presets 1 and 2 

Vcc = MAX. v l = 0.4 V 

-6.4 

-6.4 

mA 

Other inputs 

-1.6 

-1.6 

Igs Short-circuit output current§ 

v CC = max 

-20 -57 

-18 -57 

mA 

ICC Supply current 

Vcc = MAX, See Note 3 

35 50 

35 58 

mA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+ All typical values are at V^c = 5 V, = 25°C. 

§ Not more than one output should be shorted at a time. 

NOTE 3: is measured with the outputs open, clear grounded following momentary application of 4.5 V, both preset-enable inputs 

grounded, and all other inputs at 4.5 V. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

f max Maximum clock frequency 

Cl =15 pF, R l = 400 £2, 

See Note 4 

10 

MHz 

Propagation delay time, low-to-high-level 

tpLH 

output from clock 

25 40 

ns 

Propgaation delay time, high-to-low-level 

tpHL 

output from clock 

25 40 

ns 

Propagation delay time, low-to-high-level 

tpLH 

output from preset 

35 

ns 

Propagation delay time, high-to-low-level 

tpH' 

" output from clear 

40 

ns 


NOTE 4: Load circuit and voltage waveforms are shown on page 3-10. 
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TT| TYPES SN5495A, SN54L95, SN54LS95B, 

' ' , SN7495A, SN74L95, SN74LS95B 

MSI 4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

BULLETIN NO. DL-S 7611872. MARCH 1974-REVISED OCTOBER 1976 


TYPICAL MAXIMUM TYPICAL 

TYPE 

CLOCK FREQUENCY POWER DISSIPATION 

■95A 36 MHz 195mW 

'L95 5 MHz 19 mW 

'LS95B 36 MHz 65 mW 

description 

These 4-bit registers feature parallel and serial inputs, 
parallel outputs, mode control, and two clock inputs. 
The registers have three modes of operation: 

Parallel (broadside) load 

Shift right (the direction Q/\ toward Qq) 

Shift left (the direction Qq toward Qa) 

Parallel loading is accomplished by applying the four 
bits of data and taking the mode control input high. 
The data is loaded into the associated flip-flops and 
appears at the outputs after the high-to-low transition 
of the clock-2 input. During loading, the entry of 

gO[" jo j rjo+o jc j i-j j-j j j +grj 

Shift right is accomplished on the high-to-low transi- 
tion of clock 1 when the mode control is low; shift 
left is accomplished on the high-to-low transition of 
clock 2 when the mode control is high by connecting 
the output of each flip-flop to the parallel input of 
the previous flip-flop (Qq to input C, etc.) and serial 
data is entered at input D. The clock input may be 
applied commonly to clock 1 and clock 2 if both 
modes can be clocked from the same source. Changes 
at the mode control input should normally be made 
while both clock inputs are low; however, conditions 
described in the last three lines of the function table 
will also ensure that register contents are protected. 


SN5495A, SN54LS95B . . . J OR W PACKAGE 
SN7495A, SN74LS95B . . . J OR N PACKAGE 
(TOP VIEW) 


OUTPUTS CLOCK 2 

/ Am. ■ CLOCK 1 L-SHIFT 

vcc Qa Qe Qc Qq b -shift (load) 




■ 

■ 

UHI 


spH 


■■ 

■ 

m 

■DgQ|ElgD|D|D|D| 


INPUTS 


positive logic: see function table 


SN54L95 . . . J OR T PACKAGE 
SN74L95 . . . J OR N PACKAGE 
(TOP VIEW) 


OUTPUTS OUTPUTS CLOCK 2 

A 'Qa A Qe' GND / Qc A Qd' (LOAD) 



Qa Qb Qc Qd 



SERIAL . B C , VCC D MODE CLOCK 1 
INPUT ' V— ' INPUT CONTROL R-SHIFT 


INPUTS 


positive logic: see function table 


FUNCTION TABLE 


INPUTS 

OUTPUTS 

MODE 

CONTROL 

CLOCKS 

SERIAL 

PARALLEL 

Qa 

q b 

Q c 

Qo 

2 (L) 

\ (R) 

A 

B 

c 

D 

H 

H 

X 

X 

X 

X 

X 

X 

q ao 

q bo 

Q co 

q D0 

H 

4- 

X 

X 

a 

b 

c 

d 

a 

b 

c 

d 

H 

4 

X 

X 

Q B t 

Q c t 

Qq1- 

d 

°Bn 

Q Cn 

°Dn 

d 

L 

L 

H 

X 

X 

X 

X 

X 

Qao 

°B0 

D 

O 

o 

q D0 

L 

X 

4 

H 

X 

X 

X 

X 

H 

^An 

°Bn 

QCn 

L 

X 

4 

L 

X 

X 

X 

X 

L 

°An 

°Bn 

Q Cn 

t 

L 

L 

X 

X 

X 

X 

X 

Qao 

°B0 

Q co 

q D0 

4 

L 

L 

X 

X 

X 

X 

X 

q ao 

q B0 

°co 

q D0 

f 

L 

H 

X 

X 

X 

X 

X 

o 

> 

o 

o 

CQ 

a 

o 

o 

a 

o 

a 

a 

t 

H 

L 

X 

X 

X 

X 

X 

q ao 

q bo 

p 

o 

o 

q D0 

t 

H 

H 

X 

X 

X 

X 

X 

q ao 

q bo 

o 

o 

a 

Qdo 


^Shifting left requires external connection of Qg to A, Qq to B, and Qq to C. Serial data is entered at input D. 

H = high level (steady state), L = low level (steady state), X = irrelevant (any input, including transitions) 

4- = transition from high to low level, t = transition from low to high level 
a, b, c, d = the level of steady-state input at inputs A, B, C, or D, respectively. 

Q A g, Qgo» Qco* ^DO = the ^ eve * or q D' respectively, before the indicated steady-state input conditions were established. 

Q An , Qg n , Qcn» ^Dn = the l eve I of Q A> &B' or Q D» respectively, before the most-recent 4- transition of the clock. 
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TYPES SN5495A. SN54L95, SN54LS95B, SN7495A, SN74L95, SN74LS95B 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 


REVISED OCTOBER 1976 


functional block diagram 


C95A, LS95B) !'L95| 


DATA INPUTS 


schematics of inputs and outputs 

'9 5 A 


EQUIVALENT OF EACH INPUT 



Mode control: Rgq = 3 k£7 NOM 
Clock inputs: Rgq = 4 k£2 NOM 
All other inputs: R eq = 6 k£2 NOM 


EQUIVALENT OF CLOCK 
AND MODE CONTROL INPUTS 


v cc ■ 


I 17 n NOM 
INPUT A f 


EQUIVALENT OF EACH INPUT 



Mode control: R eq = 20 kfi NOM 
ill other inputs: R eq = 40 kf2 NOM 


EQUIVALENT OF DATA 
AND SERIAL INPUTS 




'95A, 'L95 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



SN54- 

SN54L' 

SN54LS' 

SN74' 

SN74L' 

SN74LS' 

UNIT 

Supply voltage, Vcc ( see Note 1 ) 

7 

8 

7 

7 

8 

7 

V 

Input voltage (see Note 2) 

5.5 

5.5 

7 

5.5 

5.5 

7 

V 

Interemitter voltage (see Note 3) 

5.5 

5.5 


5:5 

5.5 


V 

Operating free-air temperature range 

-55 to 125 

Oto 70 

°c 

Storage temperature range 

-65 to 150 

-65 to 150 

°c 


NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2, For the 'L95, input voltages must be zero or positive with respect to network ground terminal. 

3. This is the voltage between two emitters of a multiple-emitter input transistor. This rating applies between the clock-2 input and 
the mode control input of the '95A and 'L95, 
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TYPES SN5495A, SN7495A 
4 BIT PARALLEL-ACCESS SHIFT REGISTERS 

REVISED MARCH 1974 


recommended operating conditions 



SN5495A 

SN7495A 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-800 

-800 

mA 

Low-level output current, Iol 

16 

16 

mA 

Clock frequency, f c | oc k 

0 25 

0 25 

MHz 

Width of clock pulse, tw(clock) (see Figure 1) 

20 

20 

ns 

Setup time, high-level or low-level data, t su (see Figure 1 ) 

15 

15 

ns 

Hold time, high-level or low-level data, th (see Figure 1 ) 

0 

0 

ns 

Time to enable clock 1, t en able 1 (see Figure 2) 

15 

15 

ns 

Time to enable clock 2, t en able 2 (see Figure 2) 

15 

15 

ns 

Time to inhibit clock 1 , tj n hjbit 1 (see Figure 2) 

5 

5 

ns 

Time to inhibit clock 2, tjnhjbit 2 ( see Figure 2) 

5 

5 

ns 

Operating free-air temperature, Ta 

-55 125 

0 70 

C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CQND!T!ONS + 

SN5495A 

SN7495A 

UNIT 

MIN TYPt MAX 

MIN TYPT MAX 

V|H High-level input voltage 


2 

2 

V 

V | (_ Low-level input voltage 


0.8 

0.8 

V 

V|k Input clamp voltage 

Vcc = MIN, l| = — 12 mA 

-1.5 

-1.5 

V 

Voh High-level output voltage 

V C c = MIN. V|h = 2 V, 

V|L = 0.8 V, l O H = -800jLiA 

2.4 3.4 

2.4 3.4 

V 

Vql Low-level output voltage 

Vcc = MIN, V| H = 2 V, 

V|[_ = 0.8V, loL = 16mA 

0.2 0.4 

0.2 0.4 

V 

, Input current at 

l| 

maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

1 

mA 

High-level 

'IH 

input current 

Serial, A, B, C, D, 

Clock 1 or 2 

Vcc = MAX, V| = 2.4 V 

40 

40 

MA 

Mode control 

80 

80 

Low-level 

1 1 L 

input current 

Serial, A, B, C, D, 

Clock 1 or 2 

Vcc = MAX, V | = 0.4 V 

-1 .6 

-1.6 

mA 

Mode control 

-3.2 

-3.2 

los Short-circuit output current! 

Vcc “ MAX 

-18 -57 

-18 -57 

mA 

ICC Supply current 

Vcc = MAX, See Note 4 

39 63 

39 63 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+ AII typical values are at Vqq = 5 V, = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 4: Iqq is measured with all outputs and serial input open; A, B, C, and D inputs grounded; mode control at 4.5 V; and a momentary 
3 V, then ground, applied to both clock inputs. 


switching characteristics, Vcc = 5 V, = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

fmax Maximum clock frequency 

Cl = 15 pF, R l - 400 , 

See Figure 1 

25 36 

MHz 

tpLH Propagation delay time, low-to-high-level output from clock 

18 27 

ns 

tpHL Propagation delay time, high-to-low-level output from clock 

21 32 

ns 
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TYPES SN54L95, SN74L95 

4-BIT PARALLEL-ACCESS SHIFT REGISTERS 


recommended operating conditions 



SN54L95 

SN74L95 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-100 

-200 

pA 

Low-level output current, Iql 

2 

3.6 

mA 

Clock frequency. f c |ock 

0 3 

0 3 

MHz 

Width of clock pulse, t w ( c |ock) (see Figure 1) 

200 

200 

ns 

Setup time, high-level data,t su (see Figure 1) 

100 

100 

ns 

Setup time, low-level data, t su (see Figure 1 ) 

120 

120 

ns 

Hold time, high-level or low-level data, t^ (see Figure 1 ) 

0 

0 

ns 

Time to enable clock 1, t ena bie i (see Figure 2) 

225 

225 

ns 

Time to enable clock 2, tenable 2 (see Figure 2) 

200 

200 

ns 

Time to inhibit clock 1, tj n hjbit 1 ( see Figure 2) 

100 

100 

ns 

Time to inhibit clock 2, tj n hjbit 2 (see Figure 2) 

0 

0 

ns 

Operating free-air temperature, T^ 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54L95 

SN74L95 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|h High-level input voltage 


2 

2 

V 

V | (_ Low-level input voltage 


0.7 

0.7 

V 

V(0H High-level output voltage 

V CC = MIN, V|h = 2V, 

V|i_ = 0.7V, Ioh = MAX 

2.4 3.3 

2.4 3.2 

V 

Vql Low-level output voltage 

V CC = MIN, V| H = 2 V, 

V|L = 0.7 V, Iol = m AX 

0.15 0.3 

0.2 0.4 

V 

Input current 
l| at maximum 

input voltage 

Serial, A, B, C, D, 

Clock 1 or 2 

V C c = MAX, V| = 5.5 V 

100 

100 

pA 

Mode control 

200 

200 

High-level 

1 IH 

input current 

Serial, A, B, C, D, 

Clock 1 or 2 

V C c = MAX, V| = 2.4 V 

10 

10 

PA 

Mode control 

20 

20 

Low-level 

’|L 

mput current 

Serial, A, B, C, D, 

clock 1 or 2 

Vcc = MAX, V| = 0.3 V 

-0.18 

-0.18 

mA 

Mode control 

-0.36 

-0.36 

lOS Short-circuit output current! 

Vcc = MAX 

-3 -15 

-3 -15 

mA 

ICC Supply current 

Vcc = MAX, See Note 4 

3.8 9 

3.8 9 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

■t All typical values are at Vqq = 5 V, T^ = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 4: Iqq is measured with all outputs and serial input open; A, B, C, and D inputs grounded; mode control at 4.5 V; and a momentary 
3 V, then ground, applied to both clock inputs. 


switching characteristics, Vqc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

f m ax Maximum clock frequency 

C|_ = 50 pF, R L = 4 

See Figure 1 

3 5 

MHz 

tPLH Propagation delay time, low-to-high-level output from clock 

115 200 

ns 

tPHL Propagation delay time, high-to-low-level output from clock 

125 200 

ns 
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TYPES SN54LS95B, SN74LS95B 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 

REVISED OCTOBER 1976 


recommended operating conditions 



SN54LS95B 

SN74LS95B 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, loH 

-400 

-400 

mA 

Low-level output current, Iol 

4 

8 

mA 

Clock frequency, f c |ock 

LO 

CM 

O 

0 25 

MHz 

Width of clock pulse, ^(doc^) (see Figure 1) 

25 

25 

ns 

Setup time, high-level or low-level data, t su (see Figure 1 ) 

20 

20 

ns 

Hold time, high-level or low-level data, t^ (see Figure 1 ) 

20 

10 

ns 

Time to enable clock 1, t ena bi e -j (see Figure 2) 

20 

20 

ns 

Time to enable clock 2, t ena bi e 2 (see Figure 2) 

20 

20 

ns 

Time to inhibit clock 1, tj n hibit 1 ( see Figure 2) 

20 

20 

ns 

Time to inhibit clock 2, tjnhibit 2 ( see Figure 2) 

20 

20 

ns 

Operating free-air temperature, T ^ 

-55 125 

2 Z2j 

° c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS95B 

SN74LS95B 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|j-) High-level input voltage 


2 

2 

V 

V|l Low-level input voltage 


0.7 

0.8 

V 

V|k Input clamp voltage 

Vcc = MIN, l| = —18 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

V C c = MIN, V|h = 2 V, 

V|L = V||_max, 'OH = — 400 mA 

2.5 3.4 

2.7 3.4 

V 

Vql 1 ow-!eve! output voltage 

V C c = min, 

V|H = 2V, 

V|l = V|l max 

Iql = A mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 mA 


0.35 0.5 

input current at 

l| 

maximum input voltage 

V C c = MAX, V| = 7 V 

0.1 

0.1 

mA 

High-level 

1 1 H . 

input current 

V C c = MAX, V| = 2.7 V 

20 

20 

mA 

Low-level 

1 1 L 

input current 

V CC = MAX, V| = 0.4 V 

-0.4 

-0.4 

mA 

lOS Short-circuit output current? 

v C c= max 

o 

o 

7 

u 

-20 -100 

mA 

ICC Supply current 

Vcc = MAX, See Note 4 

13 21 

13 21 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 

-rAll typical values are at Vqc = 5 V, = 25 C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 4: I qq is measured with all outputs and serial input open; A, B, C, and D inputs grounded; mode control at 4.5 V; and a momentary 
3 V, then ground, applied to both clock inputs. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

(max Maximum clock frequency 

Cl = 15 pF, R L = 2kfi, 

See Figure 1 

25 36 

MHz 

tpLH Propagation delay time, low-to-high-level output from clock 

r- 

<N 

00 

ns 

tpHL Propagation delay time, high-to-low-level output from clock 

21 32 

ns 
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TYPES SN549SA, SN54L95, SN54LS95B, SN7495A. SN74L95. SN74LS95B 
4-BIT PARALLEL-ACCESS SHIFT REGISTERS 


PARAMETER MEASUREMENT INFORMATION 


TEST 

POINT V CC 


FROM OUTPUT 

1 

< 

L4 

► Rl 

(See Note D) 

KlklkJ 

UNDER TEST i 

W 

Pf w\ w\ 

C L 7 

N 7 

Cl 

(See Note B) 


(See Note C) 

_ 




LOAD CIRCUIT 




NOTES: A. Input pulses are supplied by a generator having the following characteristics: t r < 10 ns, tf < 10 ns, and Z out ~ 50 For the 
data pulse generator, PRR = 500 kHz; for the clock pulse generator, PRR = 1 MHz. When testing f max , vary PRR. For '95A, 
*w(data) ^ 20 ns » ^w(clock) ^ ns. For L95, ^ 150 ns; ^w(clock) ^200 ns. For LS95B, ^w(data) ^ 20 ns » 

’twfclock) ^ ^5 ns. 

B. Cj_ includes probe and jig capacitance. 

C. Cl (30 pF) is applicable for testing ' L95. 

D. All diodes are 1N916 or 1N3064. 

E. For '95A, V ref = 1.5 V; for 'L95 and 'LS95B, V ref = 1.3 V. 

VOLTAGE WAVEFORMS 
FIGURE 1-SWITCHING TIMES 


J — \ / v 



NOTES: A. Input A is at a low level. 

B. For '95A, V ref = 1.5 V; for 'L95 and 'LS95B, V ref = 1.3 V. 

VOLTAGE WAVEFORMS 
FIGURE 2-CLOCK ENABLE/INHIBIT TIMES 
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TYPES SN5496. SN54L96, SN54LS96, 
SN7496, SN74L96, SN74LS96 
5-BIT SHIFT REGISTERS 

BULLETIN NO. DL-S 7611821, MARCH 1974-REVISED OCTOBER 1976 


N-Bit Serial-To-Parallel Converter 
N-Bit Parallel-To-Serial Converter 
N-Bit Storage Register 

TYPICAL 

TYPE PROPAGATION TYPICAL 

DELAY TIME POWER DISSIPATION 
‘96 25 ns 240 mW 

'L96 50 ns 120mW 

'LS96 25 ns 60 mW 

description 

These shift registers consist of five R-S master-slave 
flip-flops connected to perform parallel-to-serial or 
serial-to-parallel conversion of binary data. Since both 
inputs and outputs for all flip-flops are accessible, 
parallel-in/parallel-out or serial-in/serial-out operation 
may be performed. 


SN5496, SN54LS96 . . . J OR W PACKAGE 
SN54L96...J PACK AGE 

SN7496, SN74L96, SN74LS96 . . . J OR N PACKAGE 
(TOP VIEW! 


All flip-flops are simultaneously set to a low output 
level by applying a low-level voltage to the clear input 
while the preset is inactive (low). Clearing is independent of the level of the clock input. 


OUTPUTS 


OUTPUTS 


CLEAR 0 A Ob Qc GNP ' Qp OE N INPUT 

i 4“T4”T-r»^^ 


Qa Qb 

CLEAR 


Qe 

SERIAL 

INPUT 


iiriininiii 

E 

rEmtir 

CLOCK A B C t 

Vcc 

D E y PRESET 

V ’ ' 

PRESET 


PRESET 


positive logic: see function table 


The register may be parallel loaded by using the clear input in conjunction with the preset inputs. After clearing all 
stages to low output levels, data to be loaded is applied to the individual preset inputs (A, B, C, D, and E) and a 
high-level load pulse is applied to the preset enable input. Presetting like clearing is independent of the level of the clock 
input. 


Transfer of information to the outputs occurs on the positive-going edge of the clock pulse. The proper information 
must be set up at the R-S inputs of each flip-flop prior to the rising edge of the clock input waveform. The serial input 
provides this information to the first flip-flop, while the outputs of the subsequent flip-flops provide information for 
the remaining R-S inputs. The clear input must be high and the preset or preset enable inputs must be low when 
clocking occurs. 



FUNCTION TABLE 


INPUTS 

OUTPUTS 

CLEAR 

PRESET 

ENABLE 

PRESET 

CLOCK 

SERIAL 

Qa 

Qb 

Qc 

q d 

Qe 

A 

B 

c 

D 

E 

L 

L 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

X 

L 

L 

L 

L 

L 

X 

X 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

X 

X 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

X 

q A0 

Qbo 

D 

O 

o 

D 

D 

o 

°E0 

H 

H 

H 

L 

H 

L 

H 

L 

X 

H 

Qbo 

H 

q do 

H 

H 

L 

X 

X 

X 

X 

X 

L 

X 

q ao 

q bo 

Qco 

O 

o 

o 

D 

m 

o 

H 

L 

X 

X 

X 

X 

X 

t 

H 

H 

QAn 

°Bn 

Q Cn 

°Dn 

H 

L 

X 

X 

X 

X 

X 

t 

L 

L 

°An 

D 

CO 

o 

QCn 

QDn 


H = high level (steady state), L = low level (steady state) 

X = irrelevant (any input, including transitions) 
f = transition from low to high level 

Q. AQ, QgQ, etc = the level of O a- Q g, etc, respectively before the indicated steady-state input conditions were established. 
Q An , Qg n , etc = the level of Q^, Qg> etc - respectively before the most-recent t transition of the clock. 
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TYPES SN5496, SN54L96. SN54LS96, 
SN7496. SN74L96, SN74LS96 
5 BIT SHIFT REGISTERS 

REVISED OCTOBER 1976 

schematics of inputs and outputs 


■96 



'96 



'L96 


EQUIVALENT OF 

EACH INPUT 




| R eq 

f 


INPUT 

f 

R eq NOM 

Preset enable 

1.6 kfi 

All others 

8 kQ 


'L96 



'LS96 


EQUIVALENT OF 
EACH INPUT 



Serial 25 kfi 

Clock, Clear 17 kfi 

Preset enable 3.4 kS2 


'LS96 
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TYPES SN5496, SN7496 
5-BIT SHIFT REGISTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 } 7 V 

Input voltage (see Note 2) . . . 5.5 V 

Operating free-air temperature range: SN5496 -55°Cto125°C 

SN7496 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 

2. Input voltages must be zero or positive with respect to network ground terminal. 


recommended operating conditions 



SN5496 

SN7496 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-400 

-400 

mA 

Low-level output current, Iql 

16 

16 

mA 

Clock frequency, f c | 0 ck 

0 10 

0 10 

MHz 

Width of clock input pulse, t^ciock) 

35 

35 

ns 

Width of preset and clear input pulse, t w 

30 

30 

ns 

Serial input setup time, t su (see Figure 1) 

30 

30 

ns 

Serial input hold time, t^ (see Figure 1} 

0 

0 

ns 

Operating free-air temperature, 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS + 

SN5496 

SN7496 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|H High-level input voltage 


2 

2 

V 

V|i_ Low-level input voltage 


0.8 

0.8 

V 

VoH High-level output voltage 

V C c = MIN, V|H = 2V, 

V| L = 0.8V, l 0 H = -400 mA 

2.4 3.4 

2.4 3.4 

V 

Vql Low-level output voltage 

Vcc = MIN, V|h = 2V, 

V|l = 0.8 V, l 0 L=16mA 

0.2 0.4 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V C c = MAX, V| = 5.5 V 

1 

1 

mA 

i|H High-level input current 

any input except 
preset enable 

V'CC = M AX, Vj - 2.4 V 

40 

40 

M.4 

preset enable 

200 

200 

l|L Low-level input current 

any input except 

preset enable 

Vcc = MAX, V| = 0.4 V 

-1.6 

-1.6 

mA 

preset enable 

-8 

-8 

lOS Short-circuit output current! 

V CC = MAX 

-20 -57 

-18 -57 

mA 

ICC Supply current 

Vqc = MAX, See Note 3 

CO 

CD 

CO 

48 79 

mA 


*For conditions shown at MIN or MAX, use the appropriate value specified under recommended operating conditions. 
^ All typical values are at = 5 V, = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 3: is measured with the clear input grounded and all other inputs and outputs open. 


switching characteristics, VCC = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tpLH Propagation delay time, low-to-high-level output from clock 

C L = 15 pF, 

R L = 400n, 

See Figure 1 

25 40 

ns 

tpHL Propagation delay time, high-to-low-level output from clock 

25 40 

ns 

tpLH Propagation delay time, low-to-high-level output from preset or preset enable 

28 35 

ns 

tpHL Propagation delay time, high-to-low-levei output from clear 

55 

ns 
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TYPES SN54L96, SN74L96 
5-BIT SHIFT REGISTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Input voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54L96 — 55°Cto125°C 

SN74L96 0°C to 70°C 

Storage temperature range . — 65°Cto150°C 


NOTES: 1 . Voltage yalues are with respect to network ground terminal. 

2. Input voltage must be zero or positive with respect to network ground terminal. 


recommended operating conditions 



SIM54L96 

SN74L96 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-200 

-200 

mA 

Low-level output current, Iol 

8 

8 

mA 

Clock frequency, f c |ock 

0 5 

0 5 

MHz 

Width of clock, preset, or clear input pulse, t w 

100 

100 

ns 

Serial input setup time, (see Figure 1 } 

100 

100 

ns 

Serial input hold time, t^ (see Figure 1 ) 

0 

0 

ns 

Operating free-air temperature, 

-55 125 

o 

o 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1- 

SN54L96 

SN74L96 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|h High-level input voltage 


2 

2 

V 

V 1 1 _ Low-level input voltage 


0,8 

0.8 

V 

Vqh High-level output voltage 

Vcc = MIN, V|h - 2 V, 

V||_ = 0.8 V, l OH = -200 mA 

2.4 3.2 

2.4 3.2 

V 

Vql Low-level output voltage 

Vcc = min, V| H = 2V, 

V| [_ = 0.8 V, Iol = 8 mA 

0.2 0.4 

0.2 0.4 

V 

1 1 Input current at maximum input voltage 

Vcc = max, V| = 5.5v 

1 

1 

mA 

l|H High-level input current 

any input except 

preset enable 

Vcc = MAX, V| = 2.4V 

20 

20 

M 

preset enable 

100 

100 

l|l_ Low-level input current 

any input except 

preset enable 

Vcc = max, V | = 0.4 V 

-0.8 

-0.8 

mA 

preset enable 

-4 

-4 

'OS Short-circuit output current§ 

Vcc= MAX 

-10 -29 

-9 -29 

mA 

ICC Supply current 

Vqc=MAX, See Note 3 

24 34 

ro 

o 

mA 


iFor conditions shown at MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*AII typical values are at Vqq = 5 V, = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 3: Iqq is measured with the clear input grounded and all other inputs and outputs open. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPLH Propagation delay time, low-to-high-level output from clock 

C L = 15 pF, 

Rl “ 800 S 7, 

See Figure 1 

50 80 

ns 

tpHL Propagation delay time, high-to-low-level output from clock 

50 80 

ns 

tpLH Propagation delay time, low-to-high-level output from preset or preset enable 

56 70 

ns 

tp^ Propagation delay time, high-to-low-level output from clear 

110 

ns 
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TYPES SN54LS96, SN74LS96 
5-BIT SHIFT REGISTERS 

REVISED OCTOBER 1976 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Input voltage 7 V 

Operating free-air temperature range: SN54LS96 -55°C to 125°C 

SN74LS96 0°C to 70°C 

Storage temperature range -65° C to 150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54LS96 

SN74LS96 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, V c c 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, loH 

-400 

-400 

mA 

Low-level output current, Iql 

4 

G 

mA 

Clock frequency, f c iock 

0 25 

0 25 

MHz 

Width of clock input pulse, tyyjdock) 

35 

35 

ns 

Width of preset and clear input pulse, t w 

30 

30 

ns 

Serial input setup time, tggtup (see Figure 1) 

30 

30 

ns 

Serial input hold time, t^old (see Figure 1) 

0 

0 

ns 

Operating free-air temperature, Ta 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSf 

SN54LS96 

SN74LS96 


MIN TYPt MAX 

MIN TYPt MAX 


V|H High-level input voltage 


2 

2 

V 

V | j_ Low-level input voltage 


0.7 

0.8 

V 

V||< Input clamp voltage 

Vcc = MIN, l| = — 18 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

V C c = MIN, V| H = 2V, 

V|l = V||_ max, Iqh = —400 pA 

2.5 3.5 

2.7 3.5 

V 

Vql Low-level output voltage 

V C c = MIN, V|h = 2V, 

V|l = V|l max 

Iql = 4 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 mA 


0.35 0.5 

Input current 

input voltage 

Preset enable 

V CC = MAX, V| = 7 V 

°' 5 

0.5 

mA 

All others 

0.1 

0.1 

High-level 

I 1 Cl 

m input current 

Preset enable 

Vcc = MAX, Vj = 2.7 V 

100 

100 

pA 

All others 

20 

20 

Low-level 

input current 

Preset enable 

Vcc = MAX, V| = 0.4 V 

-2 

-2 

mA 

All others 

-0.4 

-0.4 

'OS Short-circuit output current® 

Vcc = MAX 

-20 -100 

-20 -100 

mA 

Ice Supply current 

Vcc = MAX, See Note 3 

12 20 

12 20 

mA 


jFor conditions shown at MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+ Atl typical values are at V QC = 5 V, = 25 C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 3: l cc is measured with the clear input grounded and all other inputs and outputs open. 


switching characteristics, VcC = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

fPLH Propagation delay time, low-to-high-level output from clock 

C L = 15pF, 

F ? L = 2kn, 

See Figure 1 



25 40 

ns 

tpHL Propagation delay time, high-to-low-level output from clock 

25 40 

ns 

tpLH Propagation delay time, low-to-high-level output from preset or preset enable 

28 35 

ns 

tPHL Propagation delay time, high-to-low-level output from clear 

55 

ns 
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TYPES SN5496, SN54L96, SN54LS96, 
SN7496, SN74L96, SN74LS96 
5-BIT SHIFT REGISTERS 


PARAMETER MEASUREMENT INFORMATION 


v cc 


FROM OUTPUT 
UNDER TEST 



LOAD C!RCU!T 



VOLTAGE WAVEFORMS 


NOTES: 


A. Input pulses are supplied by pulse generators having the following characteristics: duty cycle < 50%, Z out ** 50 for '96 and 
' L96, t r < 1 0 ns, tf < 1 0 ns, and for ' LS96 t r = 1 5 ns, tf = 6 ns. 

B. C[_ includes probe and jig capacitance. 

C. All diodes are 1N3064 or 1N9 16. 

D. Preset may be tested by applying a high-level voltage to the individual preset inputs and pulsing the preset enable or by applying a 
high-level voltage to the preset enable and pulsing the individual preset inputs. 

E. Q a output is illustrated. Relationship of serial input to other Q outputs is illustrated in the typical shift sequence. 

F. Outputs are set to the high level prior to the measurement of tp|_j l from the clear input. 

G. For '96 and 'L96, V ref = 1.5 V;for 'LS96 V ref = 1.3 V. 


FIGURE 1-SWITCHING TIMES 
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TTL TYPES SN5497, SN7497 

MSI SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS 

BULLETIN NO. DL-S 7611802, DECEMBER 1972-REVISED OCTOBER 1976 


• Perform Fixed-Rate or Variable-Rate 
Frequency Division 

• For Applications in Arithmetic, Radar, 
Digital-to-Analog (D/A), Analog-to-Digital 
(A/D), and other Conversion Operations 

• Typical Maximum Clock Frequency ... 32 
Megahertz 

description 

These monolithic, fully synchronous, programmable 
counters utilize Series 54/74 TTL circuitry to achieve 
32-megahertz typical maximum operating frequen- 
cies. These six-bit serial binary counters feature 
buffered clock, clear, and enable inputs to control the 
operation of the counter, and a strobe input to enable 
or inhibit the rate input/decoding AND-OR-INVERT 
gates. The outputs have additional gating for 
cascading and transferring unity-count rates. 


The counter is enabled when the clear, strobe, and enable inputs are low. With the counter enabled, the output 
frequency is equal to the input frequency multiplied by the rate input M and divided by 64, ie.: 


SN5497 . . . J OR W PACKAGE 
SN7497 . . . J OR N PACKAGE 
(TOP VIEW) 


RATE INPUTS 

t A v UNITY/ ENABLE 

Vcc D C CLEAR CASCADE INPUT STROBE CLOCK 


■ 

n 

Ira 

!i 

1 

HI 


IS! 

in 

m 

i 

■ 

■ 



■•■HI 

1 

i 



1 

D C CLEAR UNITY/ ENABLE STROBE 

CASCADE INPUT 

B CK < 

ENABLE 

E F A Z Y OUTPUT 

1 

■ 



M 

I 

1 n 

1 

Dj 

iS 

I! 

li 

iSi 

m 

iSi 

ioj 

m 

■ 


RATE INPUTS 




f out 


M‘fii 

64 


where: M = F-2 5 + E-2 4 + D-2 3 + C-2 2 + B-2 1 + A-2° 




When the rate input is binary 0 (all rate inputs low), Z remains high. In order to cascade devices to perform 12-bit rate 
multiplication, the enable output is connected to the enable and strobe inputs of the next stage, the Z output of each 
stage is connected to the unity/cascade input of the other stage, and the sub-multiple frequency is taken from the Y 
output. 


The unity /cascade input, when connected to the clock input, may be utilized to pass the clock frequency (inverted) to 
the Y output when the rate input/decoding gates are inhibited by the strobe. The unity /cascade input may also be used 
as a control for the Y output. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 



Ciock input: R eq = 2 k£7 NOM 
Other inputs: R eq - 4 k£2 NOM 
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TYPES SN5497, SN7497 
SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS 


description (continued) 


STATE AND/OR RATE FUNCTION TABLE (See Note A) 


INPUTS 

OUTPUTS 

NOTES 

CLEAR 

ENABLE 

STROBE 

BINARY RATE 

F E D C B A 

NUMBER OF 

CLOCK PULSES 

UNITY/ 

CASCADE 

LOGIC LEVEL OR 

NUMBER OF PULSES 

Y 

Z 

ENABLE 

H 

X 

H 

X 

X 

X 

X 

X 

X 

X 

H 

L 

H 

H 

B 

L 

L 

L 

L 

L 

L 

L 

L 

L 

64 

H 

L 

H 

1 

C 

L 

L 

L 

L 

L 

L 

L 

L 

H 

64 

H 

1 

1 

1 

C 

L 

L 

L 

L 

L 

L 

L 

H 

L 

64 

H 

2 

2 

1 

c 

L 

L * 

L 

L 

L 

L 

H 

L 

L 

64 

H 

4 

4 

1 

C 

L 

L 

L 

L 

L 

H 

L 

L 

L 

64 

H 

8 

8 

1 

C 

!_ 

L 

L 

!_ 

H 

L 

L 

L 

L 

64 

H 

16 

16 

1 

c 

L 

L 

L 

H 

L 

L 

L 

L 

L 

64 

H 

32 

32 

1 

c 

L 

L 

L 

H 

H 

H 

H 

H 

H 

64 

H 

63 

63 

1 

c 

L 

L 

L 

H 

H 

H 

H 

H 

H 

64 

L 

H 

63 

1 

D 

L 

L 

L 

H 

L 

H 

L 

L 

L 

64 

H 

40 

40 

1 

E 


A. H = high level, L = low level, X = irrelevant. All remaining entries are numeric counts. 

B. This is a simplified illustration of the clear function. The states of clock and strobe can affect the logic level of Y and Z. A low 
unity /cascade will cause output Y to remain high. 

C. Each rate illustrated assumes a constant value at rate inputs; however, these illustrations in no way prohibit variable-rate inputs. 

D. Unity /cascade is used to inhibit output Y. 

M*fi n (8 + 32) f: n 40 f;. 

E- W ^ - 


64 


64 


64 


= 0.625 f;, 


functional block diagram 
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TYPES SN5497, SN7497 

SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, \ZqC (see Note 1) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN5497 (see Note 2) -55°C to 125°C 

SN7497 0°C to 70° C 

Storage temperature range -65° C to 150° C 


recommended operating conditions 



SN5497 

SN7494 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-400 

-400 


Low-level output current, Iql 

16 

16 

mA 

Clock frequency, fqlock 

0 25 

0 25 

MHz 

Width of clock pulse, t w ( c | oc k) 

20 

20 

ns 

Width of clear pulse, t w ( c | ear ) 

15 

15 

ns 

Enable setup time, t su : (See Figure 1) 

Before positive-going transition of clock pulse 

Before negative-going transition of previous clock pulse 

25 

0 twtclock) - 10 

25 

0 iwfclock) - 10 

ns 

Enable hold time, tf,.' (See Figure 1) 

After positive-going transition of clock pulse 

After negative-going transition of previous clock pulse 

0 twfclock) - 70 

20 t cp — 10 

0 tw(clock)— 10 

20 tcp— 10 

ns 

Operating free-air temperature, T^ (See Note 2) 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V|h High-level input voltage 


2 

V 

V|i_ Low-level input voltage 


0.8 

V 

V|K Input clamp voltage 

Vcc = MIN, l| = — 12 mA 

-1.5 

V 

Vqh High-level output voltage 

V C c = min, V| H = 2V, 

V| L = 0.8 V, l 0 H = -400pA 

2.4 3.4 

V 



Vql Low-level output voltage 

Vcc "MIN, Vih = 2 V, 

Vjl = 0.8 V, l 0L = 16 mA 

0.2 0.4 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

mA 

l|H High-level input current 

clock input 

V C c = MAX, V| = 2.4 V 

80 

mA 

other inputs 

40 

l|L Low-level input current 

clock input 

V C c = MAX, V, = 0.4 V 

-3.2 

mA 

other inputs 

-1.6 

lOS Short circuit output current§ 

Vcc = max 

-18 -55 

mA 

ICCH Supply current, outputs high 

Vqq = MAX, See Note 3 

58 

mA 

ICCL Supply current, outputs low 

Vcc = MAX, See Note 4 

o 

CM 

O 

00 

mA 


^ For test conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
f All typical values are at V cc = 5 V. T A = 25°C. 

§Not more than one output should be shorted at a time. 

NOTES: 1 . Voltage values are with respet to network ground terminal. 

2. An SN5497 in the W package operating at free-air temperatures above 118°C requires a heat sink that provides a thermal 
resistance from case to free-air, RflcA- of not more than 55°C/W. 

3. IcCH is measured with outputs open and all inputs grounded. 

4. !<;CL ' s measured with outputs open and all inputs at 4.5 V. 
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TYPES SN5497, SN7497 
SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS 

REVISED OCTOBER 1976 


switching characteristics, Vqc "5 V, Ta = 25° C, N = 10 


PARAMETERSH 

FROM 

INPUT 

TO 

OUTPUT 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

f max 




25 

32 


MHe 

tPLH 

Enable 

Enable 



13 

20 

ns 

tPHL 



14 

21 

tPLH 

Strobe 

z 



12 

18 


tPHL 




15 

23 


tPLH 

Clock 

Y 



26 

39 

ns 

tPHL 




20 

30 

tPLH 

Clock 




12 

18 

ns 

tPHL 




17 

26 

tPLH 

Rate 


C L = 15 pF, 


6 

10 


tPHL 


R L = 400 n. 


9 

14 


tPLH 

Unity /Cascade 

Y 

See Figure 1 


9 

14 


tPHL 




6 

10 


tRLri 

Strobe 




1 3 

30 

ns 

tPHL 




22 

33 

tPLH 

Clock 

Enable 



19 

30 


tPHL 



22 

33 


tPLH 

Clear 

Y 



24 

36 

ns 

tPHL 

Z 



15 

23 

tPLH 

Any Rate Input 




15 

23 

ns 

tPHL 




15 

23 


1ff max = maximum clock frequency. 
tpLH ^propagation delay time, low-to-high-level output. 
tp(_|L s propagation delay time, high-to-lovv-!evel output. 


TYPICAL APPLICATION DATA 

This application demonstrates how the '97 can be cascaded to perform 18-bit rate multiplication. This scheme is 
expandable to n-bits by extending the pattern illustrated. 


18-BIT RATE INPUT 


CLEAR 

ENABLE (LOW) 
DISABLE (HIGH) 
ENABLE (LOW) 
DISABLE (HIGH) 


CLOCK 

INPUT 



INVERTED OUTPUT NONINVERTED OUTPUT 



As illustrated, two of the 6-bit multipliers can be cascaded by connecting the Z output of unit A to the unity cascade 
input of unit B, in which case, a two-input NOR gate is used to cascade the remaining multipliers. Alternatively, all three 
Y outputs can be cascaded with a 3-input NOR gate. The three unused unity cascade inputs can be conveniently 
terminated by connecting each to its Z output. 
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TYPES SN5497, SN7497 

SYNCHRONOUS 6-BIT BINARY RATE MULTIPLIERS 


PARAMETER MEASUREMENT INFORMATION 



All three outputs are loaded during testing 

LOAD CIRCUIT 



ENABLING FROM POSITIVE-GOING 
TRANSITION OF CLOCK PULSE 



Flip-flops are at the maximum count. 
Other inputs are low. 

PROPAGATION DELAY TIMES, 
ENABLE INPUT TO ENABLE OUTPUT 



Unity /cascade and rate inputs are high, other inputs are low, 
and flip-flops are at any count other than maximum. 


PROPAGATION DELAY TIMES. CLOCK TO 2 AND Y, 
AND STROBE INPUT TO Z AND Y 



OUTPUT Y 


ENABLING FROM NEGATIVE-GOING 
TRANSITION OF PREVIOUS CLOCK PULSE 

1. Unity /Cascade and pin 2 (rate input) are high, other inputs 
are low. Clear the counter and apply clock and enable 
pulse as illustrated. 

2. Setup and hold times are illustrated for enabling a single 
clock pulse (count). Continued application of the enable 
function will enable subsequent clock pulse (counts) until 
disabling occurs (enable goes high). The total number of 
counts will be determined by the total number of 
positive-going clock transition enabled. 



v OH 


VOL 


RATE INPUT 



V y Voh 

Vsv / 1.5V 

\ V 0L 


Flip-flops are at a count so that all other inputs to the gate 
under test are high and ail other inputs, including other rate 
inputs, are low. 

PROPAGATION DELAY TIMES, 

RATE INPUT TO Z 



Output Z is high. 

PROPAGATION DELAY TIMES, 
UNITY/CASCADE INPUT TO Y 


NOTES: A. The input pulse generator has the following characteristics: t w ( c | oc |<) = 20 ns, tyi_H ^ 10 ns * ^THL ^ 10 ns ' PRR = 1 MHz ' 

Z ou t 553 so 

B. Cl includes probe and jig capacitance. 

C. All diodes are 1N3064. 

FIGURE 1— SWITCHING TIMES 
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TYPES SN54L98, SN74L98 
4-BIT DATA SELECTORS/STORAGE REGISTERS 

BULLETIN NO. DL-S 7211822, DECEMBER 1972 


description 


These monolithic data selectors/storage registers are 
composed of four S-R master-slave flip-flops, four 
AND-OR-INVERT gates, one buffer, and six 
inverter/drivers. 

When the word select input is low, word 1 (A1, B1, 
Cl, D1) is applied to the flip-flops. A high input to 
word select will cause the selection of word 2 
(A2, B2, C2, D2). The selected word is shifted to the 
output terminal? on the negative-going edge of the 
clock pulse. 

Typical power dissipation is 25 mW. The SN54L98 is 
characterized for operation over the full military 
temperature range of — 55°C to 125°C; the SN74L98 
is characterized for operation from 0 C to 70 C. 


SN54L98 . . , J PACKAGE 
SN74L98 ...JORN PACKAGE 
(TOP VIEW) 


OUTPUTS 


\ INPUT OUTPUT WORD 

°C D1 °D CLOCK SELECT 



A2 A! D l B 2 ll LZ DZ f CiND 
INPUTS 


positive logic: word select low for word 1 , 
word select high for word 2, 
see description 


functional block diagram and schematics of inputs and outputs 



I 

- 4 > 

i 


. . . dynamic input activated by transition from a high level to a low level. 
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TYPES SN54L98. SN74L98 

4-BIT DATA SELECTORS/STORAGE REGISTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1 ) 8 V 

Input voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54L98 -55°C to 125°C 

SN74L98 0°C to 70°C 

Storage temperature range -65°Cto150°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 

2. Input voltages must be zero or positive with respect to network ground terminal. 


recommended operating conditions 



SN54L98 

SN74L98 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-TOO 

-200 

mA 

Low-level output current, Iql 

2 

3.6 

mA 

Width of clock pulse, t^dock) 

200 

200 

ns 

Setup time for high-level data, t su (n) 

at A, B, C, or D 

100 

100 

ns 

at word select 

150 

150 

Setup time for low-level data, t su (L) 

at A, B, C, or D 

120 

120 

ns 

at word select 

100 

100 

Operating free-air temperature, T/^ 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

SN54L98 

SN74L98 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V||_| High-level input voltage 


2 

2 

V 

V|(_ Low-level input voltage 


0.7 

0.7 

V 

Vqh High-level output voltage 

V C c = MIN, V|h = 2V, 

V (l = 0.7V, I oh = MAX 

2.4 3.3 

2.4 3.2 

V 

Vql Low-level output voltage 

V C c = MIN, V )h = 2V 

V|l = 0.7V, I 0 l=MAX 

0.15 0.3 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V CC = MAX, Vj = 5.5 V 

100 

100 

mA 

l|H High-level input current 

Vcc = MAX, Vi = 2.4 V 

10 

10 

mA 

i|l_ Low-ievei input current 

V CC - MAX, Vj = 0.3 V 

— G.18 

-0.1S 

mA 

lOS Short-circuit output currents 

V C C= MAX 

-3 -15 

-3 -15 

mA 

ICC Supply current 

Vcc = MAX, See Note 3 

5 9 

5 9 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
■t- All typical values are at Vqq * 5 V, = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 3: Iqq is measured with all inputs grounded and all outputs open. 


switching characteristics, VcC = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

f m ax Maximum clock frequency 

C[_ = 50pF, R|_ = 4kft, 

See Note 4 

3 5 

MHz 

Propagation delay time, low-to- 

tpLH 

high-level output from clock input 

115 200 

ns 

Propagation delay time, high-to- 

tpH l 

low-level output from clock input 

125 200 

ns 


NOTE 4: Load circuit and voltage waveforms are shown on page 3-1 1 . 
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TYPES SN54L99, SN74L99 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 

BULLETIN NO. DL-S 7211871, DECEMBER 1972 


N-Bit Serial-to-Parallel Converter 
N-Bit Parallel-to-Serial Converter 
N-Bit Storage Register 
J-K Serial Input 
'description 

These 4-bit registers feature parallel inputs, parallel 
outputs, J-K serial inputs, mode control, and two 
clock inputs. The registers have three modes of 
operation: 

Parallel (Broadside) load 
Shift right (the direction Qa toward Qq) 

Shift left (the direction Qq toward Qa) 

Parallel loading is accomplished by applying the four 
bits of data and taking the mode control input high. 
The data is loaded into the associated flip-flop and 
appears at the outputs after the high-to-low transition 
of the clock-2 input. During loading, the entry of 
serial data is inhibited. 


SN54L99 . . . J PACKAGE 
SN74L99 . . . J OR N PACKAGE 
(TOP VIEW) 



Shift right is accomplished on a high-to-low transition of clock 1 when the mode control is low. Serial data for the 
right-shift mode is entered at the J-K inputs. These inputs permit the first stage to perform as a J-K, a D-type, or T-type 
flip-flop as shown in the function table. Shift left is accomplished on the high-to-low transition of clock 2 when the 
mode control is high by connecting the output of each flip-flop to the parallel input of the previous flip-flop (Qq to 
input C, etc.). Serial data for this mode is entered at the D input. The clock input may be applied commonly to clock 1 
and clock 2 if both modes can be clocked from the same source. Changes at the mode control input should normally be 
made while both clock inputs are low; however, conditions described in the last three lines of the function table will 
also ensure that register contents are protected. 


FUNCTION TABLE 


INPUTS 

OUTPUTS 

MODE 

CONTROL 

CLOCKS 

SERIAL 

PARALLEL 

Qa 

°B 

Qc 

Qd 

qd 

2 (L) 

1 (R) 

J 

K 

A 

B 

c 

D 

H 

H 

X 

X 

X 

X 

X 

X 

X 

D 

> 

o 

q bo 

O 

a 

Qdo 

Qdo 

H 

i 

X 

X 

X 

a 

b 

c 

d 

a 

b 

C 

d 

d 

H 


X 

X 

X 

Q B t 

Qct 

Qot 

d 

°Bn 

Q Cn 

°Dn 

d 

d 

L 

L 

H 

X 

X 

X 

X 

X 

X 

D 

> 

o 

D 

CO 

o 

o 

o 

o 

Qdo 

Qdo 

L 

X 

f 

L 

H 

X 

X 

X 

X 

O 

> 

o 

o 

> 

o 

°Bn 

C 

O 

a 

QCn 

L 

X 

i 

L 

L 

X 

X 

X 

X 

L 

c 

< 

a 

°Bn 

QCn 

QCn 

L 

X 

i 

H 

H 

X 

X 

X 

X 

H 

°An 

°Bn 

QCn 

S Cn 

L 

X 

i 

H 

L 

X 

X 

X 

X 

S An 

^An 

Q Bn 

QCn 

QCn 

t 

L 

L 

X 

X 

X 

X 

X 

X 

o 

< 

a 

q bo 

D 

o 

o 

O 

□ 

a 

Qdo 

i 

L 

L 

X 

X 

X 

X 

X 

X 

q ao 

q bo 

o 

o 

a 

Qdo 

Ol 

o 

o 

f 

L 

H 

X 

X 

X 

X 

X 

X 

o 

< 

a 

D 

CO 

o 

D 

o 

o 

O 

Q 

a 

Qdo 

t 

H 

L 

X 

X 

X 

X 

X 

X 

o 

> 

o 

q bo 

o 

o 

a 

q do 

q do 

t 

H 

H 

X 

X 

X 

X 

X 

X 

D 

> 

o 

D 

CO 

o 

o 

o 

a 

o 

a 

a 

Qdo 


* Shifting left requires external connection of Qg to A, Q q to B, and Qq to C. Serial data is 
entered at input D. 


H = high level (steady state), L = low level (steady state) 

X = irrelevant (any input, including transitions) 

i = transition from high to low level, t = transition from low to high level, 
a, b, c, d = the level of steady-state input at inputs A, B, C, or D, respectively. 

Q^q, Qbo ^CO' ^DO “ t,1e ,eve * ^A' or Q D» r espectively , before the indicated steady-state input conditions were established. 

Q^ n - ^Bn- ^Cn- ^Dn “ t * ie l® ve l of Qa- ^C* or respectively, before the most-recent i transition of the clock. 
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TYPES SN54L99, SN74L99 
4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 ) 8 V 

Input voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54L99 Circuits -55°Cto125°C 

SN74L99 Circuits 0°C to 70°C 

Storage temperature range -65°Ctol50°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 

2. Input voltages must be zero or positive with respect to network ground terminal. 


recommended operating conditions 



SN54L99 

SN74L99 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-100 

-200 

mA 

Low-level output current, Iql 

2 

3.6 

mA 

Width of clock pulse, tyyjdock) 

200 

200 

ns 

Setup time for high-level data at J, K, A, B, C, or D inputs, tsu(H) 

100 

100 

ns 

Setup time for iuw-ievei data at J, K, A, B, C # or D inputs, t su ( L) 

120 

120 

ns 

Hold time at J, K, A, B, C, or D inputs, t^ 

0 

0 

ns 

Time to enable clock 1, tg na b| e i (see Figure 1) 

225 

225 

ns 

Time to enable clock 2, t ena ble 2 (see Figure 1 ) 

200 

200 

ns 

Time to inhibit clock 1, tj n hjbit 1 (see Figure 1 ) 

100 

100 

ns 

Time to inhibit clock 2, tj n bjbit 2 (see Figure 1 ) 

0 

0 

ns 

Operating free-air temperature, T^ 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54L99 

SN74L99 

UNIT 

MIN TYPt MAX 

MIN TYP? MAX 

V|H High-level input voltage 


2 

2 

V 

V|l Low-level input voltage 


0.7 

0.7 

V 

Vqh High-level output voltage 

V C C = MIN, V (h = 2V, 

V|L = 0.7V, I 0 h = MAX 

2.4 3.3 

2.4 3.2 

V 

Vql Low-level output voltage 

Vcc = min, V|h = 2 V 

V|L = 0.7 V, Iql = MAX 

0.15 0.3 

0.2 0.4 

V 

Input current at 

li 

maximum input voltage 

J, K, B, C, or D 

v C c = max, V| = 5.5 v 

100 

100 

mA 

M or A 

200 

200 

High-level 

1 1 H 

input current 

J, K, B, C, or D 

Vcc = MAX, V| = 2.4 V 

10 


mA 

M or A 

20 

20 

Low-level 

■lL 

input current 

J, K, B, C, or D 

Vcc = MAX, V| = 0.3 V 

-0.18 

-0.18 

mA 

M or A 

-0.36 

-0.36 

IqS Short-circuit output current! 

Vcc = MAX 

-3 -15 

-3 -15 

mA 

ICC Supply current 

Vcc ~ MAX, See Note 3 

CO 

bo 

CD 

3.8 9 

mA 


i’For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
$ All typical values are at Vqq = 5 V, T^ = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 3: With all outputs and J and K inputs open, mode control at 4.5 V, inputs A through D grounded, Iqq is measured after a momentary 
3 V, then ground, is applied to both clock inputs. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

f m ax Maximum clock frequency 

C L = 50pF, R L = 4kS2, 

See Figure 2 

3 5 

MHz 

tPLH Propagation delay time, low-to-high-level output from either clock 

115 200 

ns 

fPHL Propagation delay time, high-to-low-level output from either clock 

125 200 

ns 
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TYPES SN54L99, SN74L99 

4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 


PARAMETER MEASUREMENT INFORMATION 

OUTPUT V cc 

FROM OUTPUT 
UNDER TEST 
C L = 50 pF 
(See Note E 


LOAD CIRCUIT 



J and K / \ / \ 

INPUTS f \ / \ 


V 


IH 


V 


IL 


NOTE; 



A input is at the low level. 


VOLTAGE WAVEFORMS 
FIGURE 1 -CLOCK ENABLE/INHIBIT TIMES 



DATA 

INPUT 


CLOCK 

INPUT 


OUTPUT 
(See Note D) 



3 V 


0 V 


3 V 


0 V 


V 


OH 


V 


OL 


VOLTAGE WAVEFORMS 
FIGURE 2-SWITCHING TIMES 


NOTES: 


A. The input waveforms are supplied by pulse generators having the following characteristics: Z ou t 555 50 ft. For data pulse 

generator: t w > 150 ns, PRR < 500 kHz, = 120 ns, and t setup (|_|) = 100 ns. For clock pulse generator: t w > 200 ns and 

PRR < 1 MHz. When testing f ma x» var Y PRR- 

B. Cj_ includes probe and jig capacitance. 

C. All diodes are 1N91 6. 

D. When data input is applied to J and K inputs, the output waveform applies only to output Q A . 
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TTL 

MSI 


logic 


FUNCTION TABLE 
(Each Latch) 


INPUTS 

OUTPUTS 

D G 

Q Q 

L H 

H H 

X L 

L H 

H L 

Qq q 0 


H = high level, X = irrelevant 
Qg = the level of Q before the 
high-to-low transition of G 


description 


These latches are ideally suited for use as temporary 
storage for binary information between processing 
units and input/output or indicator units. Informa- 
tion present at a data (D) input is transferred to the Q 


will follow the data input as long as the enable 
remains high. When the enable goes low, the informa- 
tion (that was setup at the data input at the time 
the transition occurred) is retained at the Q output 
until the enable is permitted to go high. 


These circuits are completely compatible with all 
popular TTL or DTL families. All inputs are diode- 
clamped to minimize transmission-line effects and 
simplify system design. Typical power dissipation is 
40 milliwatts per latch. The SN54100 is characterized 
for operation over the full military temperature range 
of —55° to 125°C; the SN74100 is characterized for 
operation from 0°C to 70°C. 


TYPES SN54100, SN74100 
8-BIT BISTABLE LATCHES 

BULLETIN NO. DL-S 7211830, DECEMBER 1972 

SN54100 . . . J OR W PACKAGE 
SN54100 . . . J OR N PACKAGE 
(TOP VIEW) 


ENABLE 

VCC 1G 1D3 104 104 1Q3 2Q3 2Q4 2D4 2D3 NC NC 



NC 1D1 1D2 102 1Q1 NC GND 2Q1 202 2D2 2D1 ENABLE 

2G 


positive logic: see function table 


NC— No internal connection 


functions! b!cck diu n fuui ( sc. ch iutch) 



TO OTHER LATCHES ■ 

ENABLE DATA 


schematic (each latch) 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ( see Note 1) 7 V 

Input voltage 5.5 V 

Intermitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54100 — 55°Cto125°C 

SN74100 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter input transistor. For this circuit, this rating applies between the 
enable and D inputs of any latch. 
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TYPES SN54100, SN74100 
8-BIT BISTABLE LATCHES 


recommended operating conditions 



SN54100 

SN74100 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

—400 

-400 

mA 

Low-level output current, Iol 

16 

16 

mA 

Width of enabling pulse, t w 

20 

20 

ns 

Setup time, t su 

20 

20 

ns 

Hold time, th 

5 

5. 

ns 

Operating free-air temperature, T/\ 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 

MIN TYPt MAX 

UNIT 

V|n High-level input voltage 


2 

V 

V|i_ Low-level input voltage 


0.8 

V 

V|« Input clamp voltage 

V CC = MIN, l| = — 12 mA 

-1.5 

V 

Vqh High-level output voltage 

V CC = MIN, V IH = 2V, 

V|l = o.8v, i 0 h = -4oo ma 

2.4 3.4 

V 

Vql Low-level output voltage 

V CC = MIN, V| H = 2 V, 

V|l = 0.8V, lOL = 16 mA 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V CC = MAX, V| = 5.5 V 

1 

mA 

1 ] High-level input current 

D input 

Vqc = MAX, V| = 2.4 V 

80 

MA 

G input 

320 

1 1 ]_ Low-level input current 

D input 

V CC = MAX, V| = 0.4 V 

-3.2 

mA 

G input 

-12.8 

Iqs Short-circuit output currenti 

V cc = MAX 

SN54100 

-20 -57 

mA 

SN74100 

-18 -57 

ICC Supply current 

V c c = max. 

See Note 3 

SN 54100 

64 92 

mA 

SN74100 

64 106 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at V qq = 5V,T^ = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 3: ’ s testec * with all inputs grounded and all outputs open. 


switching characteristics, VcC = 5 V, T/\ = 25° C 


PARAMETER^ 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tPLH 



C L = 15 pF, 

r l = 4oo n, 

See N ote 4 

16 

30 


tPHL 



14 

25 

ns 

tPLH 



16 

30 


fPHL 



7 

15 



^tpLH = propagation delay time, low-to-high-ievel output 
tpHL ~ propagation delay time, high-to-low-level output 

NOTE 4: Test circuit and voltage waveforms are the same as those shown for the '75, '77, 'L75, and ’L77 on page 7-40. 
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TTL 

MSI 


Two independent 4-Bit Latches in a 
Single Package 

Separate Clear Inputs Provide One-Step 
Clearing Operation 

Dual Gated Enable Inputs Simplify 
Cascading and Register Implementations 


• Compatible for Use with TTL and DTL 
Circuits 


• Input Clamping Diodes Simplify 
System Design 


description 


These monolithic TTL circuits utilize D-type bistables 
to implement two independent four-bit latches in a 
single package. Each four-bit iatcn has an indepen- 
dent asynchronous clear input and a gated two-input 
enable circuit. When both enable inputs are low, the 
output levels will follow the data input levels. When 
either or both of the enable inputs are taken high, the 
outputs remain at the last levels setup at the inputs 
prior to the low-to-high-level transition at the enable 
input(s). After this, the data inputs are locked out. 


The clear input is overriding and when taken low will 
reset all four outputs low regardless of the levels of 
the enable inputs. 


The SN54116 is characterized for operation over the 
full military temperature range of —55 C to 125 C; 
the SN741 16 is characterized for operation from 0°C 


FUNCTION TABLE 
(EACH LATCH) 


INPUTS 

OUTPUT 

Q 

CLEAR 

ENABLE 

DATA 

G1 

G2 

H 

L 

L 

L 

L 

H 

L 

L 

H 

H 

H 

X 

H 

X 

Go 

H 

H 

X 

X 

Qo 

L 

X 

X 

X 

L 


H = high level, L = low level, X = irrelevant 

Qq = the level of Q before these input conditions were established. 


TYPES SN54116, SN74116 
DUAL 4-BIT LATCHES WITH CLEAR 

BULLETIN NO. DL-S 721 1849, DECEMBER 1972 


SN54116 . . . J OR W PACKAGE 
SN741 1 6 ... J OR N PACKAGE 
(TOP VIEW) 



functional block diagram (each 4-bit latch) 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN541 16 Circuits — 55°Cto125°C 

SN741 16 Circuits 0°C to 70°C 

Storage temperature range — 65Cto150C 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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TYPES SN54116. SN74116 

DUAL 4-BIT LATCHES WITH CLEAR 


recommended operating conditions 



SN54116 

SN74116 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, loH 

-800 

-800 

PA 

Low-level output current. Iql 

16 

16 

mA 

Input pulse width, t w 

Enable 

18 

18 

ns 

Clear 

18 

18 

Data setup time, t su 

High logic level 

8 

8 

ns 

Low logic level 

14 

14 

Clear inactive-state setup time, t su 

8 

8 

ns 

Data release time, high-level data, t re | ea se 

2 

2 

ns 

Data hold time, low-level data, 

8 

8. 

Operating free-air temperature, 

-55 125 

o 

r-» 

o 

°e 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V||-| High-level input voltage 


2 

V 

V|i_ Low-level input voltage 


0.8 

V 

V|K Input clamp voltage 

Vcc=MIN, 1 1 = — 1 2 mA 

-1.5 

V 

Vqh High-level output voltage 

V C C = MIN, V|H = 2V, 

V|l = 0.8V, l OH = -800 mA 

2.4 3.4 

V 

VOL Low-level output voltage 

v C c = min, V (H = 2V, 

V|l = 0.8V, l 0 L= 16 mA 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V C c = MAX, V t = 5.5 V 

1 

mA 

l|H High-level input current 

G1, G2, or clear 

Vcc = MAX, V | = 2.4 V 

40 

jiA 

Any D 

60 

1 1 1 _ Low-level input current 

G1, G2, or clear 

V C c = MAX, V | = 0.4 V 

-1.6 

mA 

Any D, initial peak 

-2.4 

Any D, steady-state 

-1.6 

lOS Short-circuit output current § 

V C c = max 

SN54116 

-20 -57 

mA 

SN74116 

-18 -57 

• CC Supply current 

Vcc = MAX, 

See Note 2 

Condition A 

60 100 

mA 

Condition B 

40 70 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 

$ All typical values are at Vqc = 5 V, = 25° C. 

§Not more than one output should be shorted at a time. 

NOTE 2: With outputs open, is measured for the following conditions: 

A. All inputs grounded. 

B. All G inputs are grounded and all other inputs are at 4.5 V. 


switching characteristics, VcC = 5 V, Ta = 25° C 


PARAMETERl 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPLH 

Enable 

Any Q 

C[_ = 15 pF, 

R|_ = 400 £1, 

See Figure 1 

19 30 

ns 

tPHL 

CM 

CM 

in 

tPLH 

Data 

Q 

10 15 

ns 

tPHL 

12 18 

tPHL 

Clear 

Any Q 

15 22 

mm 


HtpLH — propagation delay time, low-to-high-level output 
TPHL — propagation delay time, high-to-low-level output 
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TYPES SN54116, SN74116 
4-BIT LATCHES WITH CLEAR 


schematics of inputs and outputs 


EQUIVALENT OF CLEAR, 


EQUIVALENT OF 


TYPICAL OF 

G1, AND G2 INPUTS 


DATA INPUTS 



ALL OUTPUTS 

xl 



\/ 





r - 





T v cc 


4 4 kS2 NOM 


Jb eq 



100 n NOM? 

INPUT — 

r j7 \r- 


INPUT — f — ' ' — 

— 


— c 

i 

; T 


k \ 

[ 




? 


T ! 

i 


T OUTPUT 


X 


n 

7 






Initial R e q = 3k£2 NOM 






Steady-state R e q = 6kf2NOM 




PARAMETER MEASUREMENT INFORMATION 


FROM OUTPUT 
UNDER TEST 


H- 


T c l 

(See Note B) 


r l (See Noted 

-H- W M - 1 


LOAD CIRCUIT 



DATA 
INPUT 
(See Note E) 


> f' ; V- / ^ \"' / ~\ 


J o \ 


ENABLE 
INPUT I 

(See Note D) | 


/*• \_ 




v v r 

f 1.5 V Vl5V / 


V v OH 

^ -v OL 


SWITCHING TIMES FROM DATA INPUTS 


NOTES: A. 


Input pulses are supplied by generators having the following characteristics: t r < 10 ns, tf < 10 ns, PRR = 1 MHz, duty cycle < 50%, 
Z 0 ut « 50 SI. 

C|_ includes probe and jig capacitance. 

All diodes are 1 N3064. 

The other enable input is low. 

Clear input is high. 


FIGURE 1 
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TTL TYPES SNS4120, SN74120 

MSI DUAL PULSE SYNCHRONIZERS/DRIVERS 

BULLETIN NO. DL-S 7211537, SEPTEMBER 1971-REVISED DECEMBER 1972 


• Generates Either a Single Pulse or Train of Pulses 
Synchronized with Control Functions 

• Ideal for Implementing Sync-Control Circuits 
Similar to those Used in Oscilloscopes 

• Latched Operation Ensures that Output Pulses 
Are Not Clipped 

• High-Fan-Out Complementary Outputs Drive 
System Clock Lines Directly 

• Internal Input Pull-Up Resistors Eliminate 
Need for External Components 

• Diode-Clamped Inputs Simplify System Design 

• Typical Propagation Delays: 

9 Nanoseconds through One Level 
16 Nanoseconds through Two Levels 


description 


SN54120 . . . J OR W PACKAGE 
SN74120 . . . J OR N PACKAGE 
(TOP VIEW) 



!o!i!i!i8l!i!3!m 


H 



1 ' ■ ■■ | 


■ 

iphu 


■1 i 

jD|D|n|D|Q|D|D|Dj| 

logic: see description and function table 




These monolithic pulse synchronizers are designed to synchronize an asynchronous or manual signal with a system 
clock. Reliable response is ensured as the input signals are latched up; therefore duration of logic input is not critical 
and the adverse effects of contact-bounce of a manual input are eliminated. The ability to pass output pulses is started 
and stopped by the levels or pulses applied to the latch inputs SI , S2, or R in accordance with the function table. 
High-speed circuitry is utilized throughout the clock paths to minimize skew with respect to the system clock. 


After initiation, the mode control (M) input deter- 
mines whether a series of pulses or only one pulse is 
passed. In the absence of a stop command, the clock 
driver will continue to pass clock pulses as long as the 
mode control input is low (see Figures 2 through 4). 
If the mode control input is high only a single clock 
pulse will be passed (see Figure 5). 

When the mode control is set to pass a series of 
pulses, the last pulse out is determined by two general 
rules: 

a. When pulses are terminated by the S or R 
inputs, conditions meeting the setup times 
(specified under recommended operating 
conditions) will dominate. 


FUNCTION TABLE 


INPUTS 

FUNCTION 

R 

SI 

S2 

X 

L 

X 

Pass Output Pulses 

X 

X 

L 

Pass Output Pulses 

L 

H 

H 

Inhibit Output Pulses 

H 

t 

H 

Start Output Pulses 

H 

H 

1 

Start Output Pulses 

1 

H 

H 

Stop Output Pulses 

H 

H 

H 

Continue* 


H = high level (steady state) 

L = low level (steady state) 

4 = transition from H to L 
X = irrelevant 

^Operation initiated by last i transition. continues. 


b. Low-to-high-level transitions at the mode control input should be avoided during the 20-nanosecond period 
immediately following the negative transition of the input clock pulse as transitions during this time period 
may or may not allow the next pulse to pass (see Figures 4 and 5). When pulses are terminated by the mode 
control input, a positive transition at the mode control input meeting the high-level setup time, t su (H), 
(specified under recommended operating conditions) will pass that positive clock pulse then inhibit remaining 
clock pulses. The clock input (C) is latch-controlled ensuring that once initiated the output pulse will not be 
terminated until the full pulse has been passed. 
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TYPES SN54120, SN74120 
DUAL PULSE SYNCHRONIZERS/DRIVERS 


description (continued) 

This clock driver circuit is entirely compatible for use with either digital logic circuits or mechanical switches for input 
controls since all inputs, except the clock, have internal pull-up resistors. This eliminates the requirement to supply an 
external resistor to prevent the input from floating when the control switch is open. The internal resistor also means 
that these inputs may be left disconnected if unused. 


Typical propagation delay time is 9 nanoseconds to the Y output and 16 nanoseconds to the Y output from the clock 
input. The outputs will drive 60 Series 54/74 loads at a high logic level and 30 loads at a low logic level. Typical power 
dissipation is 127 milliwatts per driver. The SN54120 is characterized for operation from — 55°C to 125°C; the 
SN741 20 is characterized for operation from 0°C to 70° C. 

functional block diagram (each driver) 






INPUTS < 


On 


n — ' 




t-j y ) 


1 




schematics of inputs and outputs 
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TYPES SN54120. SN74120 

DUAL PULSE SYNCHRONIZERS/DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ( see Note 1) 7 V 

Input voltage 5.5 V 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54120 Circuits -55°Cto125°C 

SN74120 Circuits 0°C to 70°C 

Storage temperature range -65°C to 150°C 


NOTES: 1 . Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies between the SI and S2 
inputs. 

recommended operating conditions 



SN54120 

SN74120 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-2.4 

-2.4 

mA 

Low-level output current, Iql 

48 

48 

mA 

Setup time (see Figures 2 thru 5) 

Any input except mode control, 

t su(H or L) 

12 

12 

ns 

Mode control 

*su(H) 

0 

0 

%u(L) 

12 

12 

Hold time (see Figures 3 and 5) 

Any input except mode control, 
l h(H or L) 

3 

3 

ns 

Mode control, tfo(H or L) 

20 

20 

Operating free-air temperature, T ^ 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS'*’ 

MIN TYPt MAX 

UNIT 

V|p| High-level input voltage 


2 

V 

V][_ Low-level input voltage 


0.8 

V 

V|K Input clamp voltage 

Vcc = min, l| = —12 mA 

-1.5 

V 

Voh H.igh-level output voltage 

Vcc = min, V jH = 2V, 

V||_ = 0.8V, l OH = -2.4 mA 

2.4 3.4 

V 

Vql Low-level output voltage 

V C c=MIN, V tH = 2 V, 

V| L = 0.8 V, l OL = 48mA 

0.2 0.4 

V 

l| 1 nput current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

mA 

l|H High-level input current 

Clock input 

Vcc = MAX, Vj = 2.4 V 

80 

MA 

Other inputs 

-0.12 -0.2 -0.36 

mA 

1 1 1 _ Low-level input current 

Clock input 

Vcc = MAX, V | = 0.4 V 

-3.2 

mA 

Other inputs 

-2.1 

lOS Short-circuit output current§ 

V CC = MAX 

-35 -90 

mA 

ICC Supply current 

Vcc = MAX, See Note 3 

51 90 

mA 


* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AII typical values are at Vqq ~ 5 V, Ty^ = 25°C. 

§ Not more than one output should be shorted at a time. 

NOTE 3: Iqc * s measured with ground applied to all inputs except R which is at 4.5 V and all outputs open. 

switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER^ 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

t PLH 



C L = 45 pF, 

R l = 133 to. 

See Figure 1 

14 

22 

ns 

tPHL 



17 

25 

tPLH 


Y 

10 

16 

ns 

IPHL 


8 

13 


IjtpLH ~ Propagation delay time, low-to-high-level output 
tpHL = Propagation delay time, high-to-low-level output 
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TYPES SN54120, SN74120 
DUAL PULSE SYNCHRONIZERS/DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


OUTPUT 


FROM OUTPUT, 
UNDER TEST 


R L = 1 33 JT2 




C L = 45 pF 


NOTES: A. The clock input pulse in figures 2 through 5 is 
supplied by a generator having the following char- 
acteristics: t w (clock) ^ 15 ns, PRR < 1 MHz, and 
Z ou t ~ 

B. C|_ includes probe and jig capacitance. 

C. All diodes are 1 N3064. 


FIGURE 1-LOAD CIRCUIT FOR SWITCHING TESTS 



V 0L 

v OH 

— ' v OL 

NOTE: Mode control and R inputs are low unused S input is high. 

FIGURE 2— INITIATING AND TERMINATING PULSE TRAIN FROM S INPUTS 





FIGURE 3— INITIATING PULSE TRAIN FROM S AND TERMINATING WITH R INPUTS 
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TYPES SN54120, SN74120 

DUAL PULSE SYNCHRONIZERS/DRIVERS 


PARAMETER MEASUREMENT INFORMATION 


CLOCK 

INPUT 


MODE 

CONTROL 

INPUT 


Y OUTPUT 



NOTE: At least one of the S inputs is low. 


FIGURE 4— INITIATING AND TERMINATING PULSE TRAIN WITH MODE CONTROL INPUT 



NOTE: Input Ft is low and the unused S input is high. 

FIGURE 5-ENABLING SINGLE PULSE 
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TYPES SN54LS124, SN54S124, SN74LS124, SN74S124 
DUAL VOLTAGE-CONTROLLED OSCILLATORS 

BULLETIN NO. DL-S 7612025, MARCH 1974-REVISED OCTOBER 1976 


Two Independent VCO's in a 16-Pin 
Package 

• Output Frequency Set by Single External 
Component: 

Crystal for High-Stability Fixed- Frequency 
Operation 

Capacitor for Fixed- or Variable-Frequency 
Operation 

• Separate Supply Voltage Pins for Isolation 
of Frequency Control Inputs and Oscillators 
from Output Circuitry 

• Highly Stable Operation over Specified 
Temperature and/or Supply Voltage Ranges 

GUARANTEED TYPICAL 

TVOIP4I 

TYPE FREQUENCY POWER 

SPECTRUM max DISSIPATION 

’LSI 24 1 Hz to 20 MHz 30 MHz 150mW 

'SI 24 1Hz to 60 MHz 85 MHz 525 mW 

description 


SN54LS124, SN54S124 . . . J OR W PACKAGE 
SN74LS1 24, SN74S124 . . . J OR N PACKAGE 
(TOP VIEW) 



logic: While the enable input is low, the 
output is enabled. While the enable 
input is high, the output is high. 


The 'LS124 and 'S124 feature two independent voltage-controlled oscillators (VCO) in a single monolithic chip. The 
output frequency of each VCO is established by a single external component, either a capacitor or a crystal, in 
combination with two voltage-sensitive inputs, one for frequency range and one for frequency control. These inputs 
can be used to vary the output frequency as shown under typical characteristics for the 'S124. The concept also applies 
for the 'LS124. These highly stable oscillators can be set to operate at any frequency typically between 0.12 Hz and 
30 MHz ('LS124) or 0.12 hertz and 85 megahertz ('S124). Under the conditions used in Figure 3, the output 
frequency can be approximated as follows: 


where: f 0 = output frequency in hertz 

C ex t = external capacitance in farads. 


fn = 


1 X 10~ 4 


for 'LSI 24, f 0 = 


5 X 10- 4 


for 'SI 24 


These devices can operate from a single 5-volt supply. However, one set of supply-voltage and ground pins (Vqq and 
GND) is provided for the enable, synchronization-gating, and output sections, and a separate set (©Vqc and0GND) 
is provided for the oscillator and associated frequency-control circuits so that effective isolation can be accomplished in 
the system. 

The enable input of these devices starts or stops the output pulses when it is low or high, respectively. The internal 
oscillator of the 'LS124 runs continuously even while the output is disabled, whereas the internal oscillator of the 
'S124 is itself started and stopped by the enable input. The enable input is one standard load in each series. The enable 
input and the buffered output operate at standard Schottky-clamped TTL levels. 

The pulse synchronization-gating section ensures that the first output pulse is neither clipped nor extended. Duty cycle 
of the square-wave output is fixed at approximately 50 percent. Simultaneous operation of both VCO's in the same 
package is not recommended. 

The SN54LS124 and SN54S124 are characterized for operation over the full military temperature range of — 55°C to 
125°C; the SN74LS124 and SN74S124 are characterized for operation from 0°C to 70°C. 
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TYPES SN54LS124. SN54S124. SN74LS124. SN74S124 
DUAL VOLTAGE-CONTROLLED OSCILLATORS 


schematics of inputs and outputs 


'LS124 


EQUIVALENT OF EACH 
ENABLE INPUT 



EQUIVALENT OF EACH FREQUENCY 
CONTROL OR RANGE INPUT 



NOMINAL VALUES 
R1 R2 R3 

Frequency control 79 kf2 14 k!7 27 kL2 
Range 85 kI2 6 kI7 24 kJ7 


TYPICAL OF BOTH OUTPUTS 



V CC 


OUTPUT 



’SI 24 


EQUIVALENT OF EACH 
ENABLE INPUT 


EQUIVALENT OF EACH FREQUENCY 
CONTROL OR RANGE INPUT 


TYPICAL OF BOTH OUTPUTS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Notes 1 and 2) 7 V 

Input voltage: 'LS124 Enable input 7 V 

'LSI 24 Frequency control or range input Vcc 

'SI 24 5.5 V 

Operating free-air temperature range: SN54LS124, SN54S124 — 55°Cto125°C 

SN74LS124, SN74S124 0°C to 70°C 

Storage temperature range -65 C to 150 C 


NOTES: 1. Voltage values are with respect to the approprate ground terminal. 

2. Throughout this data sheet, the symbol V^c is used for the voltage applied to both the V^c andQvcc terminals, unless other- 
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TYPES SN54LS124, SN74LS124 
DUAL VOLTAGE-CONTROLLED OSCILLATORS 


recommended operating conditions 



SN54LS124 

SN74LS124 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.5 5 5.5 

4.75 5 5.25 

V 

Input voltage at frequency control or range input, V|(f reg ) or V|( rnq ) 

0 5 

0 5 

V 

High-level output current, Ioh 

-1 .2 

-1.2 

mA 

Low-level output current, Iol 

12 

24 

mA 

Output frequency (enabled), i 0 

1 

1 

Hz 

20 

20 

MHz 

Operating free-air temperature, T /\ 

-55 125 

o 

r"> 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS124 

SN74LS124 

UNIT 

MIN TYP* MAX 

MIN TYPt MAX 

High-ievei input 

V | u 

voltage at enable 


2 

2 

V 

Lowlevel input 

V IL 

voltage at enable 


0.7 

0.8 

V 

V | k 1 nput clamp voltage at enable 

V<x=MIN, 1 1 = — 18 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

V CC =MIN, V|h = 2V, 

IqH = —1-2 mA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

Vqc = MIN, ©Vcc open, 
V | l = V | |_max 

lOL = 12 mA 

0.25 0.4 

0.25 0.4 

V 

lOL = 24 mA 


0.35 0.5 

l| Input current 

Freq control 

or range 

V cc = MAX 

V| = 5 V 

50 250 

50 250 

pA 

V| = 1 V 

10 50 

10 50 

Input current 
!| at maximum 

input voltage 

Enable 

V CC = MAX, V| = 7 V 

0.1 

0.1 

mA 

High-level 

1 1 H 

input current 

Enable 

Vcc = MAX, V| = 2.7 V 

20 

20 

MA 

Lowlevel 

1 1 L 

input current 

Enable 

V C c = MAX, V | = 0 .4 V 

-0.4 

-0.4 

mA 

Iqs Short-circuit output current§ 

v C c= max 

-40 -225 

-40 -225 

mA 

Supply current, total Into 
' CC pins 15 and 16 

V C c = MAX, See Note 2 

30 50 

30 50 

mA 


^ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AII typical values are at V^c = 5 V, = 25°C. 

§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
NOTE 2: Ice ' s measured with the outputs disabled and open. 


switching characteristics, Vqq = 5 V (unless otherwise noted), R|_ = 667 Q,, C|_ = 45 pF, = 25°C 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP MAX 

UNIT 

f<3 

Output frequency (capacitor controlled)- 

Cext _ 2 PF 

V|(freq)=4V, V 1(rng , = 1 V 

20 

30 

MHz 

V|(freq)=1V. V„ rnq) -5V 

11 

20 


Output frequency (crystal controlled) 

©Vcc - 3 V, V|(f re q) - V) (mg) = 0 V 

10 

20 

MHz 

Output duty cycle 

C ex t = 8.3 pF to 500 pF 

50% 


tPHL 

Propagation delay time, 
high-to-low-level output from enable 

f Q > 1 Hz 

30+* 

ns 


, 1 X 10 9 

The delay will typically be 30 ns plus up to one period of one cycle (i.e. 30 ns to 30 ns + ■ ns) depending upon the timing of 

the enable pulse with respect to the signal generated by the internal oscillator. ^o(Hz) 
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TYPES SN54S124, SN74S124 

DUAL VOLTAGE-CONTROLLED OSCILLATORS 


recommended operating conditions 


"" 

SN54S124 

SN74S124 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc (see Note 1) 

4.5 5 5.5 

4.75 5 5.25 

V 

Input voltage at frequency control or range input, V | (f re p) or V|( rn g) 

1 5 

1 5 

V 

High-level output current, Ioh 

-1 

-1 

mA 

Low-level output current, Iql 

20 

20 

mA 

Output frequency (enabled), f 0 

1 

1 

Hz 

60 

60 

MHz 

Operating free-air temperature, T A 

-55 125 

0 70 

°C 


NOTE 1: Throughout this data sheet, the symbol Vqq is used for the voltage applied to both pins 15 and 16. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V|n High-level input voltage at enable 


2 

V 

V 1 1 _ Low-level input voltage at enable 


0.8 

V 

V|K Input clamp voltage at enable 

V C q = MIN, l| = —18 mA 

-1.2 

V 

Vqh High-level output voltage 

V CC = MIN, V| H = 2 V, 
•OH = -1 mA 

SN54S' 

2.5 3.4 

V 

SN74S' 

2.7 3.4 

Vql Low-level output voltage 

V CC =MIN, V|l = 0.8 V, 

Iql = 20 mA 

0.5 

V 

l| Input current 

Freq control 

or range 

V C c = MAX 

< 

II 

(Jl 

< 

10 50 

mA 

V, = 1 V 

1 15 

Input current at 
l| 

maximum input voltage 

Enable 

V CC = MAX, V| = 5.5 V 

1 

mA 

1 1 h High-level input current 

Enable 

V C c = MAX, V | = 2.7 V 

50 

mA 

l|L Low-level input current 

Enable 

V C c = MAX, V| = 0.5V 

-2 

mA 

IqS Short-circuit output current § 

Vcc = max 

-40 -100 

mA 

Supply current, total into 
ire 

pins 15 and 16 

Vcc = MAX, See Note 2 

105 150 

mA 

V C c = MAX, T a = 125°C, 
See Note 2 

W package 

only 

110 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$A\\ typical values are at V^c = 5 V, T ^ = 25°C. 

§Not more than one output should be shotted at a time and duration of the short-circuit should not exceed one second. 
NOTE 2: Iqq is measured with the outputs disabled and open. 

switching characteristics, Vcc = 5 V, R[_ = 280 S2, Cl = 15 pF, Ta = 25°C 


PARAMETER 

TEST CONDITIONS j 

MIN 

TYP MAX 

UNIT 

f 0 Output frequency 

^ext - 2 pF 

V|(freq) = 4V,V| (rng) = 1 V 

60 

85 

MHz 

^ 1 (freq ) = * V, V | ( rn g) = 5 V 

25 

40 

Output duty cycle 

C e xt = 8.3 pF to 500 nF 

50% 


Propagation delay time. 

f„ = 1 Hz to 20 MHz 


1.4 


l PHL 

high-to-low-level output from enable 



1 


f o(Hz! 


| f 0 > 20 MHz 

70 

ns 
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TYPES SN54LS124, SN54S124, SN74LS124, SN74S124 
DUAL VOLTAGE-CONTROLLED OSCILLATORS 


TYPICAL APPLICATION DATA 


free-running oscillator 

Free-running oscillators can be implemented for most systems by setting the output frequency of the VCO with either a 
capacitor or a crystal. If excitation is provided with a capacitor the frequency control and/or range inputs can be used 
to vary the output frequency. 

When the 'S124 is excited with a crystal, low-frequency response « 1 MHz) can be improved if a relatively small 
capacitor (5 to 15 pF) is paralleled with the crystal. When operated at the fundamental frequency of a crystal, the 
frequency control input should be high (« 5 V) and the range input should be low (grounded) for maximum stability 
over temperature and supply voltage variations. 

When the 'LSI 24 is excited with a crystal, a small capacitor (2 to 10 pF) should be placed in series with the crystal 
and the © Vqc supply should be lowered to approximately 3 V. A series-resonant, fundamental-mode crystal with 
series resistance less than 200 ohms should be used. The frequency control and range inputs should be grounded. The 
maximum recommended frequency for crystal-excited operation is 10 MHz. 

phase-locked loops 

A basic crystal-controlled phase-locked loop is illustrated in Figure 1. This application can be used for implementation 
of: 


a. A highly stable fixed-frequency clock generator. 

b. A highly stable fixed- or variable-frequency synthesizer. 

c. A highly efficient "slave-clock" system for synchronizing off-card, remote, or data-interfacing clock systems 

N 

With fixed division rates for both M and N, the output frequency (f 0 ) will be stable at f 0 = f-|. Obviously, either 

fvl or N, or both, couid be programmable counters in which case the output frequency (f D ) will be a variable frequency 
dependent on the instantaneous value of j^-f i . 


The crystal-controlled VCO can be operated up to 60 MHz with an accuracy that is dependent on the crystal. At the 
higher frequencies, response of the phase comparator can become a limiting factor and one of the following approaches 
may be necessary to extend the operating frequency range. 

a. Frequencies -j^-and -jq- can be divided equally by the same constant (K) also shown in Figure 1. The constant can 
be any value greater than unity (K> 1), and should be selected to yield frequency ranges that can be handled 
adequately by the phase-comparator and filter. The output frequency (f 0 ) retains the same relationship as 
previously explained because now: 


fo 




b. In another method, the comparison of and -fa can be performed with either an SN54LS85/SIM74LS85 or 
SN54S85/SN74S85. The resultant A > B and A < B outputs from the 'LS85 or 'S85 permit the detector to be 
simplified to a charge-pump circuit. See Figure 2. 
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TYPES SN54S124, SN74S124 

DUAL VOLTAGE-CONTROLLED OSCILLATORS 


TYPICAL APPLICATION DATA 



FIGURE 1 -PHASE-LOCKED LOOP FIGURE 2-HIGH-FREQUENCY PHASE-LOCKED LOOP 


TYPICAL CHARACTERISTICS {'S124 only) 


BASE OUTPUT FREQUENCY 


vs 



io -12 icr 10 icr 8 icr 6 io -4 io ~ 2 

Cext - External Capacitance-F 

FIGURE 3 

NOTE:f 0 = f n Xf o(base) . 


NORMALIZED OUTPUT FREQUENCY 


vs 



0 1 2 3 4 5 


V|(freq)-lnput Voltage-V 

FIGURE 4 


1076 

7128 Texas Instruments 

INCORPORATED 


POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 








TTL TYPES SN54S13S, SN74S135 

MSI QUADRUPLE EXCLUSIVE-OR/NOR GATES 


BULLETIN NO, DL-S 7211826, DECEMBER 1972 


• Fully Compatible with Most TTL and 
TTL MSI Circuits 

• Fully Schottky Clamping Reduces 
Delay Times ... 8 ns Typical 

• Can Operate as Exclusive-OR Gate (C Input 
Low) or as Exclusive-NOR Gate (C Input High) 


FUNCTION TABLE 


INPUTS 

OUTPUT 

Y 

A 

B 

c 

L 

L 

L 

L 

L 

H 

L 

H 

14 

l_ 

L 

H 

H 

H 

L 

L 

L 

L 

H 

H 

L 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H = 

high level, L = 

low level 


SN54S135 . . . J OR W PACKAGE 
SN74S135 . . . J OR N PACKAGE 
(TOP VIEW) 



positi vs logic: V — (A^)B)^)C — ABC + ABC + ABC + ABC 


schematics of inputs and outputs 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vq q (see Note 1 ) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54S1 35 — 55°Cto125°C 

SN74S135 0°C to 70°C 

Storage temperature range —65 C to 150 C 


NOTE 1 : Voltage values are with respect to network ground terminal. 
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TYPES SN54S13S, SN74S135 
QUADRUPLE EXCLUSIVE-OR/NOR GATES 


recommended operating conditions 



SN54S135 

SN74S135 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-1 

-1 

mA 

Low-level output current, Iql 

20 

20 

mA 

Operating free-air temperature, 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V 1 1 _| High-level inputvoltage 


2 

V 

V|l Low-level inputvoltage 


0.8 

V 

V|«; Input clamp voltage 

V CC = MIN, l| = — 18 mA 

-1.2 

V 

VoH High-level output voltage 

V CC = MIN, V| H = 2 V, 

V||_ = 0.8V, IqH = — 1 rnA 

SN54S' 

2.5 3.4 

V 

SN74S' 

2.7 3.4 

Vql Low-level output voltage 

V CC = MIN, V| H = 2V, 

V|i_ = 0.8V, Iql = 20 mA 

0.5 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

mA 

l|H High-level input current 

V C c = M AX, V| = 2.7 V 

50 

juA 

1 1 [_ Low-level input current 

V C c = MAX, V | = 0.5 V 

-2 

mA 

*OS Short-circuit output current^ 

V C c = max 

-40 -100 

mA 

ICC Supply current 

Vcc = MAX, See Note 2 

65 99 

mA 


^ for conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type, 
i Al I typical values are at V qq = 5 V, = 25° C. 

5 Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

NOTE 2: is measured with the inputs grounded and the outputs open. 


switching characteristics, VcC = 5 V, Ta = 25° C 


parameterI! 

FROM 

(INPUT) 

TEST conditions 

MIN TYP 

MAX 

UNIT 

*PLH 

A or B 

B or A = L, C = L 


8.5 

13 

ns 

l PHL 


11 

15 

l PLH 

A or B 

B or A = H, C = L 


8 

12 


•PHL 


9 

13.5 


l PLH 

A or B 

B or A = L, C = H 

C L = 15 pF, 

R l = 280 a. 

See Note 3 

10 

15 

ns 

tPHL 

6.5 

10 

tPLH 

A or B 

B or A = H, C = H 

8.5 

12 


*PHL 

7 

11 


*PLH 

c 

A = B 


8 

12 

ns 

*PHL 



9.5 

14.5 

tPLH 

c 

A =* B 


7.5 

11.5 


tPHL 



8 

12 



If tpLH — propagation delay time, low-to-high-level output 
tp|-|L = propagation delay time, high-to-low-leve! output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10, 
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TYPES SN54136, SN54LS136. SN74136, SN74LS136 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 
WITH OPEN-COLLECTOR OUTPUTS 


FUNCTION TABLE 


INPUTS 

OUTPUT 

Y 

A B 

L L 

L 

L H 

H 

H L 

H 

H H 

L 


H = high level, L = low level 


BULLETIN NO. DL-S 7611827, DECEMBER 1972-REVISED OCTOBER 1976 

SN54136, SN54LS136 . . . J OR W PACKAGE 
SN74136, SN74LS136 ...JORN PACKAGE 
(TOP VIEW) 


Vcc 4B 4A 4Y 3B 3A 3Y 



1A IB 1Y 2A 2B 2Y GND 


positive logic: Y = A©B = AB + AB 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 
OF '136 




EQUIVALENT OF EACH INPUT 
OF 'LS136 
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TYPES SN54136, SN74136 

QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 

WITH OPEN-COLLECTOR OUTPUTS 



7-132 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54136 -55°Cto125°C 

SN74136 0°C to 70° C 

Storage temperature range -65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN 54136 

SN74136 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output voltage, VoH 

5.5 

5.5 

V 

Low-level output current, Iql 

16 

16 

mA 

Operating free-air temperature, T ^ 

-55 125 

o 

h* 

o 

“C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V| H 

High-level input voltage 


2 

V 

V|L 

Low-level input voltage 


0.8 

V 

V|K 

Input clamp voltage 

Vcc = MIN, 

>1 

= —8 mA 

-1.5 

V 

'oh 

High-level output current 

V C c = min, 
V||_ = 0.8 V, 

V,h = 2V, 

Vqh = 5.5V 

250 

pA 

v OL 

Low-level output voltage 

V CC = min, 

V| L = 0.8 V, 

V|H = 2V, 

'OL = 16 mA 

0.2 

0.4 

V 

I] Input current at maximum input voltage 

V C c = MAX. 

V| = 5.5 V 

1 

mA 

'IH 

High-level input current 

Vcc = max. 

V| = 2.4 V 

40 

mA 

l|L 

Low-level input current 

Vcc = max. 

V| =0.4 V 

-1.6 

mA 

'cc 

Supply current, high-level output 

Vqc = max. 

See Note 2 

SN54136 

30 

43 

mA 

SN74136 

30 

50 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 

+ AII typical values are at Vcc = 5 V, Ta = 25°C. 

NOTE 2: ICC > s measured with one input of each gate at 4.5 V, the other inputs grounded, and the outputs open. 


switching characteristics, Vqc = 5 V, Ta = 25°C 


PARAMETER^! 

FROM 

(INPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tpLH 

A or B 

Other input low 

C L = 15 pF, 

R L = 400 n. 

See Note 3 

12 

18 


tPHL 

39 

50 


tPLH 

A or B 

Other input high 

14 

22 

ns 

tPHL 

42 

55 


HtpLH — propagation delay time, low-to-high-level output 
tpH L = propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54LS136, SN74LS136 
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES 
WITH OPEN-COLLECTOR OUTPUTS 

REVISED OCTOBER 1976 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage 7 V 

Operating free-air temperature range: SN54LS136 — 55°Cto125°C 

SN74LS136 0°C to 70° C 

Storage temperature range — 65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54LS136 

SN74LS136 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output voltage. Von 

5.5 

5.5 

V 

Low-level output current, Iol 

4 

8 

mA 

Operating free-air temperature, 

-55 125 

o 

r-N 

o 

°c 


electrical characteristics Over recommended operating free-air temperature range (uniess otherwise noted) 


PARAMETER 

TEST CONDITIONS 1, 

SN54LS136 

SN 74 LSI 36 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|n High-level input voltage 


2 

2 

V 

V||_ Low-level input voltage 


0.7 

0.8 

V 

V|K Input clamp voltage 

V C C=MIN, 1 1 = — 1 8 mA 

-1.5 

-1.5 

V 

lOH High-level output current 

V C c=MIN, V| H = 2V, 

v IL = v IL max > VqH = 5 - 5V 

100 

100 

fiA 

Vql Low-level output voltage 

V C C = MIN, 

V| H = 2V, 

V'il = V i [_ max 

Iql = 4 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = S mA 


0.35 0.5 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 7 V 

0.2 

0.2 

mA 

ljl -1 High-level input current 

Vcc = M AX, V| = 2.7 V 

40 

40 

mA 

1 1 1 _ Low-level input current 

Vcc = MAX, V, = 0.4 V 

-0.8 

-0.8 

mA 

Ice Supply current 

Vcc = MAX, See Note 2 

6.1 10 

6.1 10 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type, 
-t- All typical values are at Vqq = 5 V, = 25°C. 

NOTE 2: Iqq is measured with one input of each gate at 4.5 V, the other inputs grounded, and the outputs open. 


switching characteristics, Vcc - 5 V, Ta = 25° C 


PARAMETERl 

FROM 

(INPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tpLH 

A or B 

Other input low 

Cl = 1 5 pF, 

Rl = 2 kn. 

See Note 4 

18 

30 

ns 

tpHL 

18 

30 

IPLH 

A or B 

Other input high 

18 

30 

ns 

tPHL 

18 

30 


^ tpLH = propagation delay time, low-to-high-level output 
tpH L s propagation delay time, high-to-low-level output 
NOTE 4: Load circuit and voltage waveforms are shown on page 3-11. 
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TTL 

MSI 


TYPES SN54LS138, SN54LS139. SN54S138, SN54S139. 
SN74LS138, SN74LS139. SN74S138, SN74S139 
DECODERS/DEMULTIPLEXERS 

BULLETIN NO. DL-S 7611804, DECEMBER 1972-REVISED OCTOBER 1976 


Designed Specifically for High-Speed: 
Memory Decoders 
Data T ransmission Systems 

'S138 and 'LS138 3-to-8-Line Decoders 
Incorporate 3 Enable Inputs to Simplify 
Cascading and/or Data Reception 

'S139 and 'LS139 Contain Two Fully 
Independent 2-to-4-Line Decoders/ 
Demultiplexers 

Schottky Clamped for High Performance 


TYPICAL 

POWER DISSIPATION 

32 mW 
245 mW 
34 mW 
300 mW 



TYPICAL 

TYPE 

PROPAGATION DELAY 


(3 LEVELS OF LOGIC) 

’LSI 38 

22 ns 

'SI 38 

8 ns 

’LSI 39 

22 ns 

'SI 39 

7.5 ns 


SN54LS1 38, SN54S1 38 . . . J OR W PACKAGE 
SN74LS138, SN74S138 . . . J OR N PACKAGE 
(TOP VIEW) 


description 


DATA OUTPUTS 


Vcc 'YO Y1 Y2 Y3 Y4 Y5 Y6 x 


Y0 Y1 Y2 Y3 Y4 Y5 


B C G2A G2B G1 Y7 




positive logic: see function table 



These Schottky-clamped TTL MSI circuits are 
designed to be used in high-performance memory- 
decoding or data-routing applications requiring very 
short propagation delay times. In high-performance 
memory systems these decoders can be used to 
minimize the effects of system decoding. When 
employed with high-speed memories utilizing a fast- 
enable circuit the delay times of these decoders and 
the enable time of the memory are usually less than 
the typical access time of the memory. This means 
that the effective system delay introduced by the 
Schottky-clamped system decoder is negligible. 

The 'LSI 38 and 'S138 decode one-of-eight lines 
dependent on the conditions at the three binary 
select inputs and the three enable inputs. Two 
active-low and one active-high enable inputs reduce 
the need for external gates or inverters when 
expanding. A 24-line decoder can be implemented 
without external inverters and a 32-line decoder 
requires only one inverter. An enable input can be 
used as a data input for demultiplexing applications. 


SN54LS139, SN54S139 . . . J OR W PACKAGE 
SN74LS139, SN74S139 . . . J OR N PACKAGE 
(TOP VIEW) 


Vcc 2G / 2A 2B x '2Y0 2Y1 2Y2 2Y3 ' 



r it 

X 

X 

T 



GAB 

YO 

Y1 

Y2 | 
Y3C 

J 







r 

G 

A 9 YO 

Y 1 

Y2 

Y3 | 



Mi 

X 

X 

X 



niiliJMiiliJliJlilljr 

1G 1A IB 1Y0 1Y1 1Y2 1Y3 GND 

ENABLE / \ y f 

SELECT DATA OUTPUTS 


positive logic: see function table 


The 'LS139 and 'S139 comprise two individual two-line-to-four-line decoders in a single package. The active-low enable 
input can be used as a data line in demultiplexing applications. 

All of these decoders/demultiplexers feature fully buffered inputs each of which represents only one normalized Series 
54LS/74LS load ('LS138, 'LS139) or one normalized Series 54S/74S load ('S138, 'S139) to its driving circuit. All 
inputs are clamped with high-performance Schottky diodes to suppress line-ringing and simplify system design. Series 
54LS and 54S devices are characterized for operation over the full military temperature range of — 55° C to 125“C; 
Series 74LS and 74S devices are characterized for 0°C to 70°C industrial systems. 
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TYPES SN54LS138, SN54S138, SN54LS139, SN54S139 
SN74LS138, SN74S138, SN74LS139, SN74S139 
DECODERS/DEMULTIPLEXERS 


functional block diagrams and logic 


'LS138, 'SI 38 


ENABLE 

INPUTS 



DATA 

OUTPUTS 


'LS138, 'SI 38 
FUNCTION TABLE 


INPUTS 

OUTPUTS 

ENABLE 

SELECT 

G1 

G2* 

c 

B 

A 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


* G2 « G2A + G2B 

H = high level, L = low level, X = irrelevant 


'LS139, 'S139 



DATA 

OUTPUTS 


'LS139, 'SI 39 

(EACH DECODER/DEMULTIPLEXER) 
FUNCTION TABLE 


INPUTS 

OUTPUTS 

ENABLE 

G 

SELECT 

B 

A 

YO 

Y1 

Y2 

Y3 

H 

X 

X 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

L 


H = high level, L = low level, X = irrelevant 



schematics of inputs and outputs 



1272 

Texas Instruments 7-135 

INCORPORATED 


POST OFFICE BOX 5012 


DALLAS. TEXAS 75222 





TYPES SN54LS138, SN54LS139, SN74LS138. SN74LS139. 
DECODERS/DEMULTIPLEXERS 

REVISED OCTOBER 1976 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage 7 V 

Operating free-air temperature range: SN54LS1 38, SN54LS1 39 Circuits -55°Cto125°C 

SN74LS138, SN74LS139 Circuits 0°C to 70° C 

Storage temperature range -65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54LS138 

SN54LS139 

SN74LS138 

SN74LS139 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, VQC 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-400 

-400 

mA 

Low-level output current, Iol 

4 

8 

mA 

Operating free-air temperature, 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS138 

SN54LS139 

SN74LS138 

SN74LS139 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|H High-level input voltage 


2 

2 

V 

V 1 1 _ Low-level input voltage 


0.7 

0.8 

V 

V|k Input clamp voltage 

V CC = MIN, l| = —18 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

V CC = MIN, V|h = 2V, 

V IL = V IL max- •OH = -400 pA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

V CC =MIN, V| H = 2V, 

V|L = V|L max 

lOL = 4 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 mA 


0.35 0.5 

Input current at 

!| 

maximum input voltage 

V cc = MAX, V| = 7 V 

0.1 

0.1 

mA 

l|H High-level input current 

V C c = MAX, V, = 2.7 V 

20 

20 

pA 

l|l_ Low-level input current 

V cc = MAX, V t = 0.4 V 

-0.4 

-0.4 

mA 

Iqs Short-circuit output current § 

V cc = MAX 

1 

01 

|i 

A 

s 

mA 

IpC Supply current 

V cc = MAX, 

Outputs enabled and open 

'LSI 38 

6.3 10 

6.3 10 

mA 

LS139 

6.3 11 

6.8 11 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 

1-AM typical values are at Vqq = 5 V, = 25°C. 

SNot more than one output should be shorted at a time. 


switching characteristics, VcC = 5 V, Ta = 25° C 


PARAMETER^ 

FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

— 

TEST CONDITIONS 

SN54LS138 

SN74LS138 

SN54LS139 

SN74LS139 

UNIT 




MIN TYP MAX 

MIN TYP 

MAX 


t PLH 





13 

20 

13 

20 

ns 

tPHL 

Binary 

Any 



27 

41 

22 

33 

ns 

tPLH 

Select 


C L = 15 pF, 

R|_= 2 kO, 

See Note 2 

18 

27 

18 

29 

ns 

tPHL 




26 

39 

25 

38 

ns 

1PLH 




12 

18 

16 

24 

ns 

tPHL 

Enable 

Any 


21 

32 

21 

32 

ns 

tPLH 

3 


17 

26 


ns 

tPHL 




25 

38 


ns 


^ tp |_h = Propagation delay time, low-to-high-level output; tpn l = propagation delay time, high-to-low-level output. 
NOTE 2: Load circuits and waveforms are shown on page 3-1 1 . 
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TYPES SN54S138, SN54S139, SN74S138, SN74S139 
DECODERS/DEMULTIPLEXERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ( see Note 1 ) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54S138, SN54S139 Circuits -55°Cto125°C 

SN74S138,SN74S139 Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54S138 

SN74S139 

SN74S138 

SN74S139 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-1 

-1 

mA 

Low-level output current, Iql 

20 

20 

mA 

Operating free-air temperature, T a 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54S138 

SN74S138 

SN54S139 

SN74S139 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|n High-level input voltage 


2 

2 

V 

V | l Low-1 evel i npu t vol tage 


0.8 

0.8 

V 

V|k Input clamp voltage 

Vcc = MIN, !| = -18 mA 

-1.2 

-1.2 

V 

Vqh High-level output voltage 

V C c = MIN, v IH = 2V, 

V|l = 0.8 V, IQH = —1 mA 

SN54S' 

2.5 3.4 

2.5 3.4 

V 

SN74S' 

2.7 3.4 

2.7 3.4 

Vql Low-level output voltage 

V C c = MIN, V| H = 2 V, 

V|l = 0.8 V, Iql = 20 mA 

0.5 

0.5 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

1 

mA 

1 1 )_| High-level input current 

V C c = MAX, V| = 2.7 V 

50 

50 

m a 

1 1 (_ Low-level input current 

V C C = MAX . V, = 0.5 V 

-2 

-2 

mA 

Iqs Short-circuit output current § 

v C c = max 

-40 -100 

-40 -100 

mA 

ICC Supply current 

Vcc = MAX, Outputs enabled and open 

49 74 

60 90 

mA 



* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 

$ All typical values are at Vqq = 5 V, = 25° C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit test should not exceed one second. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETERU 

FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF DELAY 

TEST 

CONDITIONS 

SN54S138, 

SN74S138 

SN54S139 

SN74S139 

UNIT 


MIN TYP 

MAX 

MIN TYP 

MAX 


tPLH 





4.5 

7 

5 

7.5 

ns 

tPHL 

Binary 

Any 

2 


7 

10.5 

6.5 

10 

tPLH 

select 

3 

C L = 15 pF, 

R l = 280 n. 

See Note 3 

7.5 

12 

7 

12 

ns 

tPHL 




8 

12 

8 

12 

tPLH 




5 

8 

5 

8 

ns 

tPHL 

Enable 

Any 


7 

11 

6.5 

10 

tPLH 



7 

11 



tPHL 






7 

11 


lLj 


H tpLH — Propagation delay time, low-to-high-level output 
tpHL — propagation delay time, high-to-low-level output 
NOTE 3: Load circuits and waveforms are shown on page 3-10. 
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TYPE SN74141 
BCO-TO-DECIMAL DECODER/DRIVER 

BULLETIN NO. DL-S 7211801, DECEMBER 1972 

• Drives gas-filled cold-cathode indicator tubes directly 

• Fully decoded inputs ensure all outputs are off for invalid codes 

• Input clamping diodes minimize transmission-line effects 


FUNCTION TABLE 


INPUT 

OUTPUT 

ON* 

d! c 

B 

A 

L 

L 

L 

L 

0 

L 

L 

L 

H 

1 

L 

L 

H 

L 

2 

L 

L 

H 

H 

3 

L 

H 

L 

L 

4 

L 

H 

L 

H 

5 

L 


IK 

L 

6 

L 

H 

v 

H 

7 

H 

L 

L 

L 

8 

H 

L 

L 

H 

9 

H 

L 

H 

L 

NONE 

H 

L 

H 

H 

NONE 

H 

H 

L 

L 

NONE 

H 

H 

L 

H 

NONE 

H 

H 

H 

L 

NONE 

H 

H 

H 

H 

NONE 


H - high level, L = low level 
*A1I other outputs are off 


description 

The SN74141 is a second-generation BCD-to-decimal 
decoder designed specifically to drive cold-cathode 
indicator tubes. This decoder demonstrates an 
improved capability to minimize switching transients 
in order to maintain a stable display. 

Full decoding is provided for all possible input states. 
For binary inputs 10 through 15, all the outputs are 
off. Therefore the SN74141, combined with a mini- 
mum of external circuitry, can use these invalid codes 
in blanking leading- and/or trailing-edge zeros in a 
display. The ten high-performance, n-p-n output tran- 
sistors have a maximum reverse current of 50 micro- 
amperes at 55 volts. 

Low-forward-impedance diodes are also provided for 
each input to clamp negative-voltage transitions in 
order to minimize transmission-line effects. Power 
dissipation is typically 80 milliwatts. The SN74141 
is characterized for operation over the temperature 
range of 0°C to 70°C. 


J OR N PACKAGE 
(TOP VIEW) 


OUTPUTS OUTPUTS 



9801546732 

BCD-TO-DECIMAL 

DECODER/DRIVER 


AD B C 



OUTPUTS INPUTS INPUTS 


positive logic: see truth table 


functional block diagram 
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TYPE SN74141 
BCD-TO-DECIMAL DECODER/DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Input voltage : 5.5 V 

Current into any output (off-state) 2 mA 

Operating free-air temperature range 0°C to 70°C 

Storage temperature range — 65°C to 150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 


Supply voltage, Vcc 

Off-state output voltage . . . 
Operating free-air temperature, T a 


MIN 

4.75 

0 


NOM 

5 


MAX 

5.25 

60 

70 


UNIT 

V 

V 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 ' 

MIN TYPt MAX 

UNIT 

Viu High-level input voltage 


o 

V 

V | (_ Low-level input voltage 


0.8 

V 

V|k Input clamp voltage 

V c c = MIN, l| = — 5 mA 

-1.5 

V 

Vo(on) On-state output voltage 

Vcc = min, lo = 7 mA 

2.5 

V 

Off-state output voltage 

O(off) ^ Qr j npu1 . counts o thru 9 

Vcc = MAX, l 0 = 0.5 mA 

60 

V 

1 0 (off) Off-state reverse current 

V C c = MAX, Vq = 55 V 

50 

M 

Off-state reverse current 

O(off) f or input counts 10 thru 15 

Vcc = max, 

V 0 = 30 V 

T a = 55°C 

5 

mA 

T a =70°C 

15 

! j Input current at maximum input voltage 

V C c = MAX, Vj = 5.5 V 

1 

mA 

l|H High-level input current 

A input 

V C c = MAX, V | = 2.4 V 

40 

M A 

B, C, or D input 

80 

1 1 (_ Low-level input current 

A input 

Vcc = MAX, V| = 0.4 V 

-1.6 

mA 

B, C, or D input 

-3.2 

IqC Supply current 

Vcc = MAX, See Note 2 

16 25 

mA 


Tpor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tThis typical value is at V qq = 5 V, T A = 25° C. 

NOTE 2: l^c is measured with all inputs grounded and outputs open. 

schematics of inputs and outputs 
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TTL TYPE SN74142 

MSI BCD C0UNTER/4-BIT LATCH/BCD DECODER/DRIVER 


FUNCTION TABLE 


INPUTS 

OUTPUTS 

COUNT PULSE 

(CLOCK) 

CLEAR 

LATCH 

STROBE 

ON + 

q D 

X 

L 

L 

0 

H 

1 

H 

L 

1 

H 

2 

H 

L 

2 

H 

3 

H 

L 

3 

H 

4 

H 

L 

4 

H 

5 

H 

L 

5 

H 

6 

H 

L 

6 

H 

7 

H 

L 

7 

H 

8 

H 

L 

8 

L 

9 

H 

L 

9 

L 

10 

H 

L 

0 

H 

11 

H 

H 

0 

H 


*AII other outputs are off. 

H - high level, L - low level, X - irrelevant 


description 


BULLETIN NO. DL-S 7211719, MAY 1972-REVISED DECEMBER 1972 


J OR N 

DUAL-IN-LINE PACKAGE (TOP VIEW) 


CLOCK/ _ LATCH DRIVER OUTPUTS 

COUNT Qd STROBE / \ 

VCC INPUTOUTPUTINPUT 9 8 0 1 



CLEAR v 7 6 4 5 3 2 / GND 

v 

DRIVER OUTPUTS 


positive logic: see function table and description 



The SN74142 contains a divide-by-ten (BCD) counter, a four-bit latch, and a decoder/Mxi'e$ tube driver on a 
monolithic chip and is packaged in popular 16-pin packages. This single MSI function can replace the equivalent of 
three separately packaged MSI circuits to reduce printed-circuit board area and the number of system interconnections, 
resulting in reduced costs and improved reliability. 

Four master-slave flip-flops are fully decoded to provide a divide-by-ten counter. A direct clear input will, when taken 
low, reset and hold the counter at zero (all Q outputs low, Qq output high). While the clear input is inactive (high), 
each positive-going transition of the clock will increment the counter. The Qq output is made available externally for 
cascading to n-bit counters. 

The Q outputs of the counter are routed to the data inputs of the four-bit latch. While the latch strobe input is low, the 
internal latch outputs will follow the respective Q outputs of the counter. When the latch strobe input is taken high, the 
latch stores the data which has been setup by the counter outputs prior to the low-to-high level transition of the latch 
strobe input. The Qq output from the counter is not stored by the latch since it is intended for clocking the next 
counter stage. This means that the system counter can continuously acquire new data. Since all outputs of the latch and 
Q outputs of the counter drive low-capacitance on-chip loads, the circuitry is considerably simplified with respect to 
the number of components required. This results in a highly efficient function which typically reduces power 
requirements 15% when compared to systems using the three separate packages. 

The SN74142 counter/latch/driver features fully buffered inputs to reduce drive requirements to one normalized Series 
74 load per input, and diode-clamping of all inputs to minimize transmission line effects. The counter will accept input 
clock frequencies up to 20 MHz and is entirely compatible for use with all popular TTL and DTL logic circuits. The 
high-performance n-p-n driver outputs are identical to the SN74141 and have a maximum off-state reverse current of 50 
microamperes at 55 volts. 


^ Nixie is 


registered trademark of the Burroughs Corporation. 
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TYPE SN74142 

BCD C0UNTER/4-BIT LATCH/BCD DECODER/DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VqC (see Note 1 ) 7 V 

Input voltage 5.5 V 

Off-state current into outputs 0 thru 9 1 mA 

Operating free-air temperature range 0°C to 70°C 

Storage temperature range -65°C to 150°C 


NOTE 1 : All voltage values are with respect to the network ground terminal. 

recommended operating conditions 



MIN NOM MAX 

UNIT 

Supply voltage, Vcc 

4.75 5 5.25 

V 

High-level output current from Qp, Iqh 

-400 

mA 

Low-level output current from Qp, IqL 

8 

mA 

Input clock frequency, fclock 

0 20 

MHz 

Clock pulse width, t w ( c | 0 ck) ( see Figure 1) 

High logic level 

15 

ns 

Low logic level 

35 

Clear pulse width, Wrioarl (see Figure 1) 

25 

ns 

Strobe pulse width, t w ( stro b e ) (see Figure 1) 

20 

ns 

Clear inactive-state setup time, t su (see Figure 1) 

25 

ns 

Strobe time, t s t ro be (see Figure 1) 

4 g iwtclock) 

+10 

ns 

Operating free-air temperature, 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS'*’ 

MIN 

TYPi 

MAX 

UNIT 

V|H 

High-level input voltage 


2 

V 

V|L 

Low-level input voltage 


0.8 

V 

V|K 

Input clamp voltage 

Vcc = MIN, 

l| = — 12 mA 

-1.5 

V 

VOH 

High-level Qp output voltage 

Vcc = MIN, 

*OH = —400 pA 

2.4 

3.4 


V 

VOL 

Low-level Qp output voltage 

V C c= MIN, 

*OL = 8 mA 


0.2 

0.4 

V 

v O(on) 

On-state voltage, outputs 0 thru 9 

V C C= MIN, 

lO = 7 mA 

2.5 

V 

< 

O 

o 

Off-state voltage, outputs 0 thru 9 

Vcc = MAX, 

lO = 0.5 mA 

60 

V 

*0(off) 

Off-state current, outputs 0 thru 9 

Vcc = MAX, 

Vq = 55 V 

50 

p A 

l| 

Input current at maximum input voltage 

V C c= max, 

V| = 5.5 V 

1 

mA 

1 IH 

High-level input current 

Vcc = MAX, 

V| = 2.4 V 

40 

pA 

*IL 

Low-level input current 

Vcc = MAX, 

V| = 0.4 V 

-1.6 

mA 

'os 

Short-circuit Qp output current 

Vcc = MAX 

-18 


-55 

mA 

*cc 

Supply current 

Vcc = max. 

All outputs open 


68 

102 

mA 



i"For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at Vqq = 5 V, = 25°C. 

switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

tPLH 

Propagation delay time, low-to-high-level 

Qp output from clock 

C L = 15 pF, 
RL C 800«, 

See Figure 1 


35 

55 

ns 

tPHL 

Propagation delay time, high-to-low-level 

Qp output from clock 


30 

45 

tPLH 

Propagation delay time, low-to-high-level 

Qp output from clear 


30 

45 

ns 
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TYPE SN74142 

BCD C0UNTER/4-BIT LATCH/BCD DECODER/DRIVER 


schematics of inputs and outputs 





PARAMETER MEASUREMENT INFORMATION 


OUTPUT VqC 



LOAD CIRCUIT 



NOTES: A. This typical abbreviated sequence illustrates clearing from count 8 or 9 and counting through ten clock pulses. Clock pulses 3 
through 7 and 9 are omitted for brevity. 

B. Strobe input can go low at any time; however, the positive transition to store data from any given clock transition (t A ) must 
occur a minimum of 45 ns after t A and prior to 10 ns after the next positive-going clock transition (tg + 10 ns). 

C. Input pulses are supplied by generators having the following characteristics: t r < 7 ns, tf < 7 ns, PRR = 1 MHz, and Z out « 50 £2. 

D. Cl includes probe and jig capacitance. 

E. All diodes are 1 N3064. 


FIGURE 1 


-142 


Texas Instruments 

INCORPORATED 

. DALLAS, TEXAS 75222 


1076 


POST OFFICE BOX 5012 




TTL TYPES SN54143, SN54144, SN74143. SN74144 

MSI 4-BIT COUNTER/LATCH. SEVEN-SEGMENT LED/LAMP DRIVERS 


BULLETIN NO. DL-S 7211538, NOVEMBER 1971-REVISED DECEMBER 1972 


SN54143, SN54144 . . . J OR W PACKAGE 
SN74143, SN74144 . . . J OR N PACKAGE 



• Choice of Driver Outputs: 

SN54143 and SN74143 have 15-mA Constant-Current Outputs for Driving Common-Anode LED's such as Tl L302 or 
TIL303 without Series Resistors 

SN54144 and SN74144 Drive High-Current Lamps, Numitrons"*’, or LED's from Saturated Open-Collector Outputs 

• Universal Logic Capabilities 

Ripple Blanking of Extraneous Zeros 

Latch Outputs Can Drive Logic Processors Simultaneously 

Decimal Point Driver Is Included 



• Synchronous BCD Counter Capability Includes: 

Cascadable to N-Bits 

Look-Ahead-Enable Techniques Minimize Speed Degradation When Cascaded for Large-Word Display 
Direct Clear Input 

description 

These TTL MSI circuits contain the equivalent of 86 gates on a single chip. Logic inputs and outputs are completely 
TTL/DTL compatible. The buffered inputs are implemented with relatively large resistors in series with the bases of the 
input transistors to lower drive-current requirements to one-half of that required for a standard Series 54/74 TTL input. 
The serial-count-enable, actually two internal emitters, is rated as one standard series 54/74 load. The logic outputs, 
except RBO, have active pull-ups. 

The SN54143 and SN74143 driver outputs are designed specifically to maintain a relatively constant on-level sink 
current of approximately 15 milliamperes from outputs "a" through "g" and seven milliamperes from output "dp" 
over a voltage range from one to five volts. Any number of LED's in series may be driven as long as the output voltage 
rating is not exceeded. 


trademark of RCA 
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TYPES SN54143, SN54144, SN74143, SN74144 

4-BIT COUNTER/LATCH. SEVEN-SEGMENT LED/LAMP DRIVERS 


description (continued) 

The SN54144 and SN74144 drivers have high-sink-current saturated outputs for driving indicators having voltage 
ratings up to 15 volts or requiring up to 25 milliamperes drive. The SN54144 sinks 20 milliamperes and the SN74144 
sinks 25 milliamperes at an on-level voltage of 0.6 volts across their respective operating temperature ranges. 

All inputs are diode-clamped to minimize transmission-line effects, thereby simplifying system design. Maximum clock 
frequency is typically 18 megahertz and power dissipation is typically 280 milliwatts. The SN54143 and SN54144 are 
characterized for operation over the full military temperature range of — 55°C to 125°C; the SN74143 and SN74144 
are characterized for operation from 0°C to 70°C. 


Functions of the inputs and outputs of these devices are as follows: 


FUNCTION 
CLEAR INPUT 

PIN NO. 

3 

DESCRIPTION 

When low, resets and holds counter at 0. Must be high for normal 
counting. 

CLOCK INPUT 

2 

Each positive-going transition will increment the counter provided that the 
circuit is in the normal counting mode (serial and parallel count enable 
inputs low, clear input high). 

PARALLEL COUNT 
ENABLE INPUT (PCEI) 

23 

Must be low for normal counting mode. When high, counter will be 
inhibited. Logic level must not be changed when the clock is low. 

SERIAL COUNT 
ENABLE INPUT (SCEI) 

1 

Must be low for normal counting mode, also must be low to enable 
maximum count output to go low. When high, counter will be inhibited 
and maximum count output will be driven high. Logic level must not be 
changed when the clock is low. 

MAXIMUM COUNT 
OUTPUT 

22 

Will go low when the counter is at 9 and serial count enable input is low. 
Will return high when the counter changes to 0 and will remain high during 
counts 1 through 8. Will remain high (inhibited) as long as serial count 
enable input is high. 

LATCH STROBE 

INPUT 

21 

When low, data in latches follow the data in the counter. When high, the 
data in the latches are held constant, and the counter may be operated 
independently. 

LATCH OUTPUTS 

(Qa, Qb, Qq, Qd) 

17, 18, 19, 20 

The BCD data that drives the decoder can be stored in the 4-bit latch and 
is available at these outputs for driving other logic and/or processors. The 
binary weights of the outputs are: Qa = 1 , Qb = 2, Qq = 4, Qq = 8. 

DECIMAL POINT 

INPUT 

7 

Must be high to display decimal point. The decimal point is not displayed 
when this input is low or when the display is blanked. 

BLANKING INPUT 
(Bl) 

5 

When high, will blank (turn off) the entire display and force RBO low. 
Must be low for normal display. May be pulsed to implement intensity 
control of the display. 

RIPPLE-BLANKING 
INPUT (RBI) 

4 

When the data in the latches is BCD 0, a low input will blank the entire 
display and force the RBO low. This input has no effect if the data in the 
latches is other than 0. 

RIPPLE-BLANKING 
OUTPUT (RBO) 

6 

Supplies ripple blanking information for the ripple blanking input of the 
next decade. Provides a low if Bl is high, or if RBI is low and the data in 
the latches in BCD 0; otherwise, this output is high. This pin has a resistive 
pull-up circuit suitable for performing a wire-AND function with any 
open-collector output. Whenever this pin is low the entire display will be 
blanked; therefore, this pin may be used as an active-low blanking input. 

LED/LAMP DRIVER 

OUTPUTS 

(a, b, c, d, e, f, g, dp) 

15, 16, 14,9 
11, 10, 13,8 

Outputs for driving seven-segment LED's or lamps and their decimal 
points. See segment identification and resultant displays on following 
page. 
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TYPES SN54143, SN54144, SN74143. SN74144 
4-BIT COUNTER/LATCH. SEVEN-SEGMENT LED/LAMP DRIVERS 


a 



SEGMENT 

IDENTIFICATION 


l“l 

1 

ZI 

ZI 

l_f 

!Z 

iz 

“1 

IZI 

IZI 

i-f 

1 

1- 

-/ 

1 

_f 

f-f 

1 

1— / 

-f 


0 123456 789 

NUMERICAL DESIGNATIONS— RESULTANT DISPLAYS 


schematics of inputs and outputs 


'143, '144 '143, '144 '143 '144 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc ( see Note 1) 7 V 

Input voltage 5.5 V 

Off-state voltage at outputs "a" thru "g" and "dp", '144 . _ 15 V 

Off-state current at outputs "a" thru "g" and "dp", '143 250 [iA 

Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 2) 1.4 W 

Operating free-air temperature range: SN54' Circuits -55°Cto125°C 

SN74' Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 



2. For the SN54143 and SN54144 in the N and W packages, this rating applies at (or below) 80 C free-air temperature. For 
operation above this temperature, derate linearly at the rate of 11.7 mW/°C for the W package and 14.7 mW/°C for the N 
package. No derating is required for these devices in the J package. 

recommended operating conditions 



SN54143, SN54144 

SN74143, SN74144 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, VqC 

4.5 5 5.5 

4.75 5 5.25 

V 

On-state voltage at outputs a thru g and dp ('143 only) 

1 5 

1 5 

V 

High-level output current, Ioh 

Qa, Qb, Qc- q d 

-240 

-240 

mA 

Maximum count 

-560 

-560 

RBO 

-120 

-120 

Low-level output current, Iol 

Qa, Qb- q c< q d< rbo 

4.8 

4.8 

mA 

Maximum count 

11.2 

11.2 

Clock pulse width, t w ( c | oc |<) 

High logic level 

25 

25 

ns 

Low logic level 

55 

55 

Clear pulse width, t w ( c | ear ) 

25 

25 

ns 

Setup time, t su 

Serial and parallel carry 

30t 

30t 

ns 

Clear inactive state 

60t 

60 1 

Operating free-air temperature, T/\ 

-55 125 

0 70 

°c 


t The arrow indicates that the rising edge of the clock pulse is used for reference. 
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TYPES SN54W3. SN54144, SN74143. SN74144 

4-BIT COUNTER/LATCH. SEVEN-SEGMENT LED/LAMP DRIVERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54143, SN74143 

SN54144, SN74144 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V 1 1 _| High-level input voltage 


2 

2 

V 

V|L Low-level input voltage 


0.8 

0.8 

V 

V|k Input clamp voltage 

V CC = MIN, l| = — 12mA 

-1.5 

-1.5 

V 

High-level output 
V ° H voltage 

RBO 

V C c = MIN, V IH = 2V , 

V| L = 0.8 V, l OH = MAX 

2.4 

2.4 

V 

q a- q b- Qc. q d 

Maximum count 

Low-level output 

v OL 

voltage 

Qa, Qb- q C> q D- rb0 

V CC = MIN. V| H = 2 V, 

V|L = 0.8 V, l 0 |_ = MAX 

0.4 

0.4 

V 

Maximum count 

Off-state 

output voltage 

Outputs a thru g, dp 

Vcc = MAX, Iqh = 250 MA 

7 

15 

V 

On-State 

< -** on * output voltage 

Outputs a thru g, dp 

V CC = MIN, See Note 3 


0.6 

V 

On- state 

output current 

Outputs a thru g 

Vcc = MIN, V 0 =1V 

9 15 


mA 

V CC = 5 V. Vo = 2 V 

15 


Vcc = MAX, Vo = 5 V 

15 22 


Output dp 

Vcc = MIN, Vq = 1 V 

4.5 7 


V CC =5V, V 0 = 2 V 

7 


V CC = MAX, Vq = 5 V 

7 12 


| l| Input current at maximum input voltage 

V CC = MAX, V| = 5,5 V 

1 

1 

mA 

High-level 

1 1 H „ 

input current 

Serial carry 


40 

40 

JU A 

RBO node 

V CC = MAX, V| = 2.4 V 

-0.12 -0.5 

-0.12 -0.5 

mA 

Other inputs 

20 

20 

HA 

Low-level 

l|L , 

input current 

Serial carry 

Vcc = MAX, V| = 0.4 V, 

See Note 4 

-1.6 

-1.6 

mA 

RBO node 

-1.5 -2.4 

-1.5 -2.4 

Other inputs 

-0.8 

-0.8 

Short-circuit 

Iqs 

output current 

Qa, Qb, q c, q d 

Vcc = MAX 

-9 -27.5 

-9 -27.5 

mA 

Maximum count 

-15 -55 

-15 -55 

| Ice Supply current 

Vcc = MAX, See Note 5 

56 93 

56 93 

mA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
$ A1 1 typical values are at Vqq = 5 V,T^ = 25° C, 

NOTES: 3. For SN54144, Iql = 20 mA <’ for SN74 1 44 ' 1 OL = 25 mA - 

4. Ijl at RBO node is tested with Bl grounded and RB! at 4.5 V. 

5. is measured after the following conditions are established: 

a) Strobe = RBI - DP = 4.5 V 

b) Parallel count enable = serial count enable = Bl = GND 

c) Clear (“l_T)then clock until all outputs are on (JJJ) 

d) For '143, outputs "a" through "g“ and “dp" = 2.5 V, all other outputs open. For '144, all outputs are open. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


, 

PARAMETERS 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

*max 




12 18 

MHz 

tPLH 

Serial look-ahead 

Maximum count 

C L = 15 pF, R L = 560 «, 

See Note 6 

12 20 

ns 

tPHL 

23 35 

l PLH 

Clock 

Maximum count 

26 40 

ns 

tPHL 

29 45 

*PLH 

Clock 

Qa- Qb- q c> Qd 

C L = 15 pF, R L = 1.2 kn, 

See Note 6 

in 

CO 

CN 

ns 

tPHL 

38 60 

tPHL 

Clear 

q a- q b- q c- Qd 

57 90 

ns 


8f max = Maximum clock frequency, tp^H = Propagation delay time, low-to-high-level output, 
t PHL = Propagation delay time, high-to-low-!evel output 
NOTE 6: Load circuit and voltage waveforms are shown on page 3-10, 
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TYPES SN54143, SN54144. SN74143. SN74144 
4-BIT COUNTER/LATCH, SEVEN-SEGMENT LED/LAMP DRIVERS 


functional block diagram 


LOGIC OUTPUTS 


I 

I 

— <*> 

I 

l 


MAX COUNT QA Qc Qd 



TYPICAL APPLICATION DATA 


This application demonstrates how the drivers may be cascaded for N-bit display applications. It features: 


Synchronous, look-ahead counting 

Ripple blanking of leading zeros; blanking of trailing zeros (not illustrated) can also be implemented 
Overriding blanking for total suppression or intensity modulation of display 
Direct parallel clear 

Latch strobe permits counter to acquire next display while viewing current display 



MOST-SIGNIFICANT 


LED/LAMP DRIVER OUTPUTS 


LEAST -SIGNIFICANT 


INPUT 
CLOCK 


MORE 

SIGNIF 

DIGIT 



LATCH LOGIC OUTPUTS 


"•"The serial count-enable input of the least-significant digit is normally grounded; however, it may be used as a count-enable control for the 
entire counter (high to disable, low to count) provided the logic level on this pin is not changed while the clock line is low or false counting 
may result. 
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TTL 

MSI 


TYPES SN54145, SN54LS145, SN74145, SN74LS145 
BCD-TO-DECIMAL DECODERS/DRIVERS 

BULLETIN NO. DL-S 7611815, MARCH 1974-REVISED OCTOBER 1976 


FOR USE AS LAMP, RELAY, OR MOS DRIVERS 
Full Decoding of Input Logic 


SN54145, SN74145, and SN74LS145 Have 
80-mA Sink-Current Capability 


logic 


35 mW Typical 


FUNCTION TABLE 




INPUTS 





OUTPUTS 





D 

C 

B 

A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

1 ■ 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

2 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

3 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

4 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

5 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

6 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

7 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

8 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

9 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

Q 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

_l 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

> 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

Z 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


H = high level (off), L = low level (on) 

description 

These monilithic BCD-to-decimal decoder/drivers 
consist of eight inverters and ten four-input NAND 
gates. The inverters are connected in pairs to make 
BCD input data available for decoding by the NAND 
gates. Full decoding of valid BCD input logic ensures 
that all outputs remain off for all invalid binary input 
conditions. These decoders feature high-performance, 
n-p-n output transistors designed for use as indicator/ 
relay drivers or as open-collector logic-circuit drivers. 
Each of the high-breakdown output transistors 
(15 volts) of the SN54145, SN74145, or SN74LS145 
will sink up to 80 milliamperes of current. Each input 
is one Series 54/74 or Series 54LS/74LS standard 
load, respectively. Inputs and outputs are entirely 
compatible for use with TTL or DTL logic circuits, 
and the outputs are compatible for interfacing with 
most MOS integrated circuits. Power dissipation is 
typically 215 milliwatts for the '145 and 35 milliwatts 
for the 'LSI 45. 




• All Outputs Are Off for Invalid 


Vcc 

/_ A 

B 

N 

C 

D ' 

^9~~ 

8 T' 

BCD Input Conditions 

■ 

o! 

m 

in 

m 

!□! 

in! 

□in 


SN54145, SN54LS145 . . . J OR W PACKAGE 
SN74145, SN74LS145 . . . J OR N PACKAGE 
(TOP VIEW) 

OUTPUTS 


n 

B CD 


BCD-TO-DECIMAL 

R 

23456789 


HI 2 

0 






illl 

6 , GND 


OUTPUTS 


positive logic: see function table 


functional block diagram 

INPUT A 
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TYPES SN54145. SN74145 
BCD-TO-DECIMAL DECODERS/DRIVERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Input voltage 5.5 V 

Maximum current into any output (off-state) 1 mA 

Operating free-air temperature range: SN54145 — 55°Cto125°C 

SN74145 0°C to 70° C 

Storage temperature range — 65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54145 

SN74145 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voitage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

Off-state output voltage, Vo (off) 

15 

15 

V 

Operating free-air temperature, Ta 

-55 125 

o 

r- 

o 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V|h High-level input voltage 


2 

V 

V 1 1 _ Low-level input voltage 


0.8 

V 

V|k Input clamp voltage 

V CC =MIN, I, = — 12 mA 

-1.5 

V 

lO(off) Off-state output current 

V CC = MIN, V|h = 2V, 

V| L = 0.8 V , V 0 ( 0 ff) = 1 5 V 

250 

fiA 

VQ(on) On-state output voltage 

V CC = MIN, V|h = 2V, 

V|l = 0.8 V 

'Olon) = 80 mA 

O) 

d 

o 

V 

'O(on) = 20 mA 

0.4 

If Input current at maximum input voltage 

V CC = MAX, V| = 5.5 V 

1 

mA 

l|H High-level input current 

V CC = MAX, V | = 2.4 V 

40 

mA 

1 1 (_ Low-level input current 

Vcc=MAX, V| = 0.4 V 

-1.6 

mA 

Ice Supply current 

Vcc = MAX, See Note 2 

SN54145 

43 62 

mA 

SN74145 

43 70 


1"For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at V C q = 5 V, T A = 25°C. 

NOTE 2: I^C ls measured with all inputs grounded and outputs open. 


switching characteristics, Vqq = 5 V, = 25°C 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

tPLH 

Propagation delay time, low-to-high-level output 

CL=15pF, Rj_= 10012, See Note 3 

50 

ns 

tPHL 

Propagation delay time, high-to-low-level output 

50 

ns 


NOTE 3: Load circuit and waveforms are shown on page 3-10. 


schematics of inputs and outputs 
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TYPES SN54LS145, SN74LS145 
BCD-TO-DECIMAL DECODERS/DRIVERS 

REVISED OCTOBER 1976 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage 7 V 

Operating free-air temperature range: SN54LS145 — 55°C to 125°C 

SN74LS145 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54LS145 

SN74LS145 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.5 5 5.5 

4.75 5 5.25 

V 

Off-state output voltage, Vg{off) 

15 

15 

V 

Operating free-air temperature, T^ 

-55 125 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS'*' 

SN54LS145 

SN74LS145 

UNIT 

MIN TYPt 

MAX 

MIN TYPt 

MAX 

V| H 

High-level input voltage 


2 

2 

V 

V|L 

Low-level input voltage 


0.7 

0.8 

V 

V|K 

Input clamp voltage 

V CC = MIN, 


1 = -18 mA 

-1.5 

-1.5 

V 

'O(off) 

Off-state output current 

V CC = MIN, 

V|l = V||_ max. 

V|H = 2V, 
V 0 H = 15 V 

250 

250 

M A 



V CC = MIN, 


lOL = 12 mA 

0.25 

0.4 

0.25 

0.4 


v O(on) 

On-state output voltage 

V|H = 2V, 


'OL = 24 mA 


0.35 

0.5 

V 



V|l = V|l max 


Iql = 80 mA 


2.3 

3 


M 

Input current at maximum input voltage 

Vcc = MAX, 

V| = 7 V 

0.1 

0.1 

mA 

'IH 

High-level input current 

Vcc = MAX, 

V| = 2.7 V 

20 

20 

m a 

Ml 

Low-level input current 

Vcc = MAX, 

V| = 0.4 V 

-0.4 

-0.4 

mA 

'cc 

Supply current 

V C c= max. 

See Note 2 

7 

13 

7 

13 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$A1I typical values are at Vqq = 5 V, = 25°C. 

NOTE 2: I rr is measured with a!! inputs grounded and outputs open. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


1 PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

tPLH 

Propagation delay time, low-to-high-level output 

C|_ = 45pF, R|_ = 665fi, See Note 4 

50 

ns 

tPHL 

Propagation delay time, high-to-low-level output 

50 

ns 


NOTE 4: Load circuit and waveforms are shown on page 3-1 1. 

schematic of inputs and outputs 


EQUIVALENT OF EACH INPUT 


TYPICAL OF ALL OUTPUTS 

v cc 


17 kn NOM 


J X f OUTPUT 

1 

i 

; 

l 

l 


■y 



J 



H, 


-150 
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TYPES SN 54147, SN54148, SN54LS147, SN54LS148, 
SN74147, SN74148 (TIM9907),SN74LS147, SN74LS148 
10-LINE-T0-4-LINE AND 8-LI N E-T0-3-LI N E PRIORITY ENCODERS 

BULLETIN NO. DL-S 7611727, OCTOBER 1976 


'147, 'LS147 

• Encodes 10-Line Decimal to 4-Line BCD 

• Applications Include: 

Keyboard Encoding 
Range Selection 

'148, 'LSI 48 

• Encodes 8 Data Lines to 3-Line Binary (Octal) 

• Applications Include: 

N-Bit Encoding 

Code Converters and Generators 



TYPICAL 

TYPICAL 

TYPE 

DATA 

POWER 


DELAY 

DISSIPATION 

'147 

10 ns 

225 mW 

'148 

10 ns 

190 mW 

'LS147 

15 ns 

60 mW 

'LS148 

15 ns 

60 mW 


description 

These TTL encoders feature priority decoding of the 
inputs to ensure that only the highest-order data line 
is encoded. The '147 and 'LS147 encode nine data 
lines to four-line (8-4-2-1) BCD. The implied decimal 
zero condition requires no input condition as zero is 
encoded when all nine data lines are at a high logic 
level. The '148 and 'LS148 encode eight data lines to 
three-line (4-2-1) binary (octal). Cascading circuitry 
(enable input El and enable output EO) has been 
provided to allow octal expansion without the need 
for external circuitry. For all types, data inputs and 
outputs are active at the low logic level. All inputs are 
buffered to represent one normalized Series 54/74 or 
54LS/74LS load, respectively. 


SN54147, SN54LS147 . . . J OR W PACKAGE 
SN74147, SN74LS147 . . . J OR N PACKAGE 
(TOP VIEW) 


INPUTS 

OUTPUT A OUTPUT 

V C c NC D H 2 1 S' A 


lo 

!□!□!□! 

fol 

!□!□!□■ 

m 

HM.MM 

l 

1 

I— ii 


m 

iPtHMinj 

Lii 

Hillii 

n 


8 / \ C B / GND 
OUTPUTS 


positive logic: 

see function table 

NC — No internal connection 


SN54148, SN54LS148 

J OR W PACKAGE 

SN74148, SN74LS148 

. . . J OR N PACKAGE 

(TOP VIEW) 



positive logic: see function table 



'147, 'LS147 
FUNCTION TABLE 


INPUTS 

OUTPUTS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D 

c 

B 

A 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

H 

H 

L 

X 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

X 

X 

X 

X 

X 

X 

L 

H 

H 

H 

L 

L 

L 

X 

X 

X 

X 

X 

L 

H 

H 

H 

H 

L 

L 

H 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

L 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

X 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


H = high logic level, L - low logic level, X = irrelevant 


'148, 'LSI 48 
FUNCTION TABLE 


INPUTS 

OUTPUTS 

El 

0 

1 

2 

3 

4 

5 

6 

7 

A2 

A1 

A0 

GS 

EO 

H 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

L 

H 

L 

X 

X 

X 

X 

X 

X 

L 

H 

L 

L 

H 

L 

H 

L 

X 

X 

X 

X 

X 

L 

H 

H 

L 

H 

L 

L 

H 

L 

X 

X 

X 

X 

L 

H 

H 

H 

L 

H 

H 

L 

H 

L 

X 

X 

X 

L 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

X 

X 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 
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TYPES SN54147, SN54148, SN54LS147. SN54LS148. 

SN74147, SN74148 (TIM9907), SN74LS147, SN74LS148 
10-LINE-TO-4-LINE AND 8-LINE-TO-3-LINE PRIORITY ENCODERS 

functional block diagrams 




Texas Instruments 
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POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


TYPES SN 54147, SN54148, SN54LS147, SN54LS148, 
SN74147, SN74148 (TIM9907) SN74LS147, SN74LS148 
10-LINE-TO-4-LINE AND 8-UNE-T0-3-LINE PRIORITY ENCODERS 


schematics of inputs and outputs 


'147, '148 



'LSI 47, 'LSI 48 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 7 V 

Input voltage: '147, '148 5.5 V 

'LS147, 'LS148 7 V 

I nteremitter voltage: '148 only (see Note 2 ) 5.5 V 

Operating free-air temperature range: SN54', SN54LS Circuits — 55°C to 125°C 

SN74', SN74LS Circuits 0°C to 70°C 

Storage temperature range — 65° C to 150°C 


NOTES: 1. Voltage values, except intermitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For '148 circuits, this rating applies between any two of 
the eight data lines, 0 through 7. 


recommended operating conditions 



SN54' 

SN74' 

SN54LS' 

SN74LS' 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-800 

-800 

-400 

^100 

MA 

Low-level output current, Iol 

16 

16 

4 

8 

mA 

Operating free-air temperature, T/\, 

-55 1 25 

0 70 

-55 1 25 

o 

o 

°C 
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7-154 


TYPES SN 54147. SN54148. SN74147. SN74148 (TIM9907), 
10-LINE-TO-4-LINE AND 8-LINE -T0-3-UNE PRIORITY ENCODERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

'147 

'148 

UNIT 

MIN TYPt MAX 

MIN TYP* MAX 

V|H High-level input voltage 


2 

2 

V 

V|l Low-level input voltage 


0.8 

0.8 

V 

V|k Input clamp voltage 

Vcc = MIN, l| = —12 mA 

-1.5 

-1.5 

V 

v OH High-level output voltage 

V C C = MIN, V|h = 2V, 

V|L = 0.8 V, I O H = -800mA 

2.4 3.3 

2.4 3.3 

V 

v OL Low-level output voltage 

Vcc = MIN, V|h = 2V, 

V| L = 0.8 V, l 0 L=16mA 

0.2 0.4 

0.2 0.4 

V 

1 1 1 nput current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

1 

mA 

l|H High-level input current 

0 input 

Vcc “ MAX, V| = 2.4 V 


40 

MA 

Any input except 0 

40 

80 

l|l_ Low-level input current 

0 input 

Vcc = MAX, v l = 0.4 V 


-1.6 

mA 

Any input except 0 

-1.6 

-3.2 

'OS Short-circuit output current § 

v cc = max 

-35 -85 

-35 -85 

mA 

Iqc Supply current 

V C C = MAX, 
See Note 3 

Condition 1 

50 70 

40 60 

mA 

Condition 2 

42 62 

35 55 

mA 


NOTE 3: For '147, Ice (condition 1) is measured with input 7 grounded, other inputs and outputs open; Iqc (condition 2) is measured with 
all inputs and outputs open. For '148, Iqc (condition 1) is measured with inputs 7 and El grounded, other inputs and outputs open; 
ICC (condition 2) is measured with all inputs and outputs open. 

^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at Vcc = 5 V, = 25°C. 

^Not more than one output should be shorted at a time. 


SN54147, SN74147 switching characteristics, Vqq = 5 V, = 25°C 


PARAMETERlI 

FROM 

(INPUT) 

TO 

(OUTPUT) 

WAVEFORM 

TEST CONDITIONS 

MIN TYP 

1 

MAX 

UNIT 

*PLH 

Any 

Any 

In-phase 

Cl = 15 pF, 

RL = 400fi, 

See Note 4 

9 

14 

ns 

tPHL 

output 

7 

11 

IPLH 

Any 

Any 

Out-of-phase 

13 

19 


tPHL 

output 

12 

19 



SN54148, SN74148 switching characteristics, = 5 V,T^ = 25°C 


PARAMETERS 

FROM 

(INPUT) 

TO 

(OUTPUT) 

WAVEFORM 

TEST CONDITIONS 

m 




tPLH 

0 thru 7 

A0, A1,orA2 

1 n-phase 



10 

15 

ns 

IPHL 

output 



9 

14 

tPLH 

0 thru 7 

A0, A1, or A2 

Out-of-phase 



13 

19 


tPHL 

output 



12 

19 


*PLH 

0 thru 7 

EO 

Out-of-phase 



6 

10 

D 

tPHL 

output 

C L = 15 pF, 

RL = 400 12, 

See Note 4 


14 

25 

tPLH 

0 thru 7 

GS 

In-phase 


18 

30 

Q 

tPHL 

output 


14 

25 

tPLH 

El 


In-phase 


10 

15 

its 

tPHL 

output 



10 

15 

H 

*PLH 

El 

GS 

1 n-phase 



8 

12 

H 

tPHL 

output 



10 

15 

m 

tPLH 

El 

EO 

In-phase 



10 

15 


*PHL 

output 



17 

30 


^tpLH = propagation delay time, low-to high-level output 
tpH L — propagation delay time, high-to-low-level output 
NOTE 4; Load circuits and waveforms are shown on page 3-10. 
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TYPES SNS4LS147, SN54LS148, SN74LS147. SN74LS148 
10-LINE-TO 4-LINE AND 8-UNE-T0-3-UNE PRIORITY ENCODERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS' 

SN74LS’ 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|n High-level input voltage 


2 

2 

V 

V 1 1 _ Low-level input voltage 


0.7 

0.8 

V 

V|K Input clamp voltage 

V CC = MIN, 1 1 = — 1 8 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

V C c = MIN, V|h=2V 

V|l = 0.8V, Iqh=— 400 mA 

3.4 2.5 

3.4 2.7 

V 

Vql Low-level output voltage 

V C c = min, 

V m =2V, 

V|l = V|(_max 

lOL = 4 mA 

0.25 0.4 

0.25 0.4 

V 

Iql “ 8 mA 


0.35 0.5 

Input current at 

1] 

maximum input voltage 

'LS148 inputs 1 thru 7 

V C c = MAX, V| = 7 V 

0.2 

0.2 

mA 

All other inputs 

0.1 

0.1 

l|H High-level input current 

'LSI 48 inputs 1 thru 7 

V C c = MAX, V| = 2.7 V 

40 

40 

mA 

All other inputs 

20 

20 

1 1 l Low-level input current 

L " 

'LS148 inputs 1 thru 7 

V C c = MAX, v ! = Q 4 v 

-0.8 

-0.8 

mA 

All other inputs 

-0.4 

-0.4 

Iqs Short-circuit output current? 

Vqc = MAX 

-20 -100 

-20 -100 

mA 

ICC Supply current 

V C c = max, 

See Note 5 

Condition 1 

12 20 

12 20 

mA 

Condition 2 

10 17 

10 17 

mA 


NOTE 5: For 'LS147, Iqc (condition 1) is measured with input 7 grounded, other inputs and outputs open; l^c (condition 2) is measured 
with all inputs and outputs open. For 'LSI 48, I cc (condition 1) is measured with inputs 7 and El grounded, other inputs and 
outputs open, Iqq (condition 2) is measured with all inputs and outputs open. 
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

? All typical values are at V^c = 5 V, T A = 25 C. 

§ Not more than one output should be shorted at a time. 


SN54LS147, SN74LS147 switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETERS 

FROM 

(INPUT) 

TO 

(OUTPUT) 

WAVEFORM 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tPLH 

Any 

Any 

In-phase 

C|_= 15 pF, 

R|_ = 2 kf2. 

See Note 4 

12 

18 

ns 

*PHL 

output 

17 

25 

tPLH 

Any 

Any 

Out-of-phase 

24 

36 


tPHL 

output 

19 

29 



SIM54LS148, SN74LS148 switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETERS 

FROM 

(INPUT) 

TO 

(OUTPUT) 

WAVEFORM 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

tPLH 

0 thru 7 

A0, A1,or A2 

1 n-phase 



12 

18 

ns 

tPHL 

output 



17 

25 

tPLH 

0 thru 7 

A0, A1, or A2 

Out-of-phase 



24 

36 


tPHL 

output 



19 

29 


tPLH 

0 thru 7 

EO 

Out-of-phase 



12 

18 

ns 

tPHL 

output 

C L = 15 pF, 

R L = 2 kfi. 

See Note 6 


6 

15 

tPLH 

0 thru 7 

GS 

1 n-phase 


15 

23 

ns 

*PHL 

output 


14 

21 

tPLH 

El 

A0, Al.or A2 

In-phase 


12 

18 


l PHL 

output 



17 

25 


tPLH 

El 

GS 

1 n-phase 



11 

17 


tPHL 

output 



24 

36 


*PLH 

El 

EO 

1 n-phase 



14 

21 

ns 

— 

tPHL 

output 



17 



^tpi_H = propagation delay time, low-to-high-level output 
tpH L = propagation delay time, high-to- low level output 
NOTE 6: Load circuits and waveforms are shown on page 3-11. 


DESIGN GOAL 

This page provides tentative information on a Texas Instruments 7-155 

product in the developmental stage. Texas INCORPORATED 

Instruments reserves the right to change or dis- post office box 5012 • Dallas. Texas 75222 
continue this product without notice. 






TYPES SN 54147. SN54148 (TIM9907K SN54LS 1 47, SN 54LS148, 
SN7414 7, SN74148, SN74LS147, SN74LS148 
1Q-UNE-T0-4-LINE AND 8-LINE-T0-3-LINE PRIORITY ENCODERS 


TYPICAL APPLICATION DATA 


16-LINE DATA 



PRIORITY 

FLAG 


Full 4-bit binary 16-line-to-4-line encoding can be implemented as shown above. The enable input must be low to 
enable the function. Decoding with 2-input NAND gates produces true (active-high) data for the 4-line binary outputs. 
If active-low data is required, the SN5408/SN7408 or SN54LS08/SN74LS08 AND gate may be used, respectively. 
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TYPES SN54150, SN54151A, SN54152A. SN54LS151, SN54LS152, SN54S151, 

SN74150, SN74151A, SN74LS151, SN74S151 
DATA SELECTORS/MULTIPLEXERS 


BULLETIN NO. DL-S 7611819, DECEMBER 1972-REVISED OCTOBER 1976 


• '150 Selects One-of-Sixteen Data Sources 

• Others Select One-of-Eight Data Sources 

• Performs Parallel-to-Serial Conversion 

• Permits Multiplexing from N Lines to 
One Line 

• Also For Use as Boolean Function 
Generator 

• Input-Clamping Diodes Simplify System 
Design 

• Fully Compatible with Most TTL and DTL 
Circuits 



TYPICAL AVERAGE 

TYPICAL 

TYPE 

PROPAGATION DELAY TIME 

POWER 


DATA INPUT TO W OUTPUT 

DISSIPATION 

'150 

11 ns 

200 mW 

'151 A 

8 ns 

145 mW 

'152A 

8 ns 

130 mW 

'LSI 51 

1 1 ns^ 

30 mW 

'LSI 52 

11 ns* 

28 mW 

'SI 51 

4.5 ns 

225 mW 


t Tentative data 


description 

These monolithic data selectors/multiplexers contain 
full on-chip binary decoding to select the desired data 
source. The '150 selects one-of-sixteen data sources; 
the '151 A, '152 A, 'LS151, 'LS152,_and 'S151 select 
one-of-eight data sources. The '150, '151A, 'LS151, 
and 'SI 51 have a strobe input which must be at a low 
logic level to enable these devices. A high level at the 
strobe forces the W output high, and the Y output (as 
applicable) low. 

The '151A, 'LS151, and 'SI 51 feature complemen- 
tary W and Y outputs whereas the '150, '152 A, and 
'LS152 have an inverted (W) output only. 

The '151 A and '152A incorporate address buffers 
which have symmetrical propagation delay times 
through the complementary paths. This reduces the 
possibility of transients occurring at the output(s) 
due to changes made at the select inputs, even 
when the '151 A outputs are enabled (i.e., strobe low). 


SN54150 . . . J OR W PACKAGE 
SN74150 ...JORN PACKAGE 
(TOP VIEW) 


lj|jl 

DATA INPUTS DATA SELECT 

!@imi^inTnTnlninTnTdB 


J 




■ 

■ 




- 

■■1 

n 









i|D|gja|D|||g|D|a|| 

liDiOiiM 

DATA H\IPUTS 

positive logic: see function table 


SN541 51 A SN54LS151 SN54S151 J OR W PACKAGE 
SN74151 A SN74LS151,SN74S151 ... J OR N PACKAGE 
(TOP VIEW) 


DATA INPUTS DATA SELECT 



positive logic: see function table 


SN54152A, SN54LS152 . . . W PACKAGE 
(TOP VIEW) 




■ 

H 

■ 

■ 

■ 

■ 



E 

■HI 

II 

H 

■ 

■ 

■ 

■ 


■niniPiniajDini 

positive logic: see function table 
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TYPES SN54150, SN54151A, SN54152A. SN54LS151, SN54LS152, SN54S151, 
SN74150. SN74151A SN74LS151, SN74S151 
DATA SELECTORS/MULTIPLEXERS 

REVISED OCTOBER 1976 


logic 


'150 

FUNCTION TABLE 


INPUTS 

OUTPUT 

W 

SELECT 

STROBE 

S 

D 

C 

B 

A 

X 

X 

X 

X 

H 

H 

L 

L 

L 

L 

L 

EO 

L 

L 

L 

H 

L 

eT 

L 

L 

H 

L 

L 

E2 

L 

L 

H 

H 

L 

E3 

L 

H 

L 

L 

L 

E4 

L 

H 

L 

H 

L 

E5 

L 

H 

H 

L 

L 

E6 

L 

H 

H 

H 

L 

E7 

H 

L 

L 

L 

L 

E8 

H 

L 

L 

H 

L 

E9 

H 

L 

H 

L 

L 

E10 

H 

L 

H 

H 

L 

Ell 

H 

H 

L 

L 

L 

E12 

H 

H 

L 

H 

L 

E13 

H 

H 

H 

L 

L 

E14 

H 

H 

H 

H 

L 

E15 


functional block diagrams 

'150 

.5335 {> 


'151A, 'LS151, 'S151 
FUNCTION TABLE 


'152A, 'LS152 
FUNCTION TABLE 


INPUTS 

OUTPUTS 

SELECT 

STROBE 


W 

C 

B 

A 

S 


X 

X 

X 

H 

L 

H 

L 

L 

L 

L 

D6> 

DO 

L 

L 

H 

L 

D1 

D1 

L 

H 

L 

L 

D2 

D2 

L 

H 

H 

L 

D3 

D3 

H 

L 

L 

L 

D4 

D4 

H 

L 

H 

L 

D5 

D5 

H 

H 

L 

L 

D6 

D6 

H 

H 

H 

L 

D7 

D7 


SELECT 

INPUTS 

OUTPUT 

W 

C 

B 

A 

L 

L 

L 

DO 

L 

L 

H 

d7 

L 

H 

L 

D2 

L 

H 

H 

D3 

H 

L 

L 

D4 

H 

L 

H 

D5 

H 

H 

L 

D6 

H 

H 

H 

D7 


H = high le vel, L = low level, X = irrelevant 

EO, El . . . E15 = the complement of the level of the respective E input 
DO, D1 . . . D7 = the level of the D respective input 


'151 A, 'LSI 51, 'S151 




'152A, 'LS152 



ADDRESS BUFFERS FOR '151A, '152A ADDRESS BUFFERS FOR 'LS151, 'S151, 'LS152 


-ts: 


BINAflV] I 

l— {S 
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TYPES SN54150, SN54151A, SN54152A, SN74150, SN74151A 

DATA SELECTORS/MULTIPLEXERS 

REVISED OCTOBER 1976 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Input voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54' Circuits — 55°Cto125°C 

SN74' Circuits 0°C to 70°C 

Storage temperature range: — 65°Cto150°C 


NOTES: 1. Voltage values arewjth respect to network ground terminal. 

2. For the '150, input voltages must be zero or positive with respect to network ground terminal. 


recommended operating conditions 



SN54' 

SN74' 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-S00 

-800 

juA 

Low-level output current, Iql 

16 

16 

mA 

Operating free-air temperature, T j\ 

-55 125 

o 

r** 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

'150 

'151 A, '152A 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|h High-level input voltage 


2 

2 

V 

V 1 1 _ Low-level input voltage 


0.8 

0.8 

V 

V|K Input clamp voltage 

Vcc = MIN, !| = —8 mA 


-1.5 

V 

Vqh High-level output voltage 

Vcc = MIN, v IH = 2V . 

V | l = 0.8 V, l OH = -800 mA 

2.4 3.4 

2.4 3.4 

V 

Vql Low-level output voltage 

Vcc = MIN, Vjh = 2 V, 

V||_ = 0.8 V, loL = 16mA 

0.2 0.4 

0.2 0.4 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

1 

mA 

l|H High-level input current 

Vcc = MAX, V| = 2.4 V 

40 

40 

mA 

l|l_ Low-level input current 

Vcc = M AX . v l = 0.4 V 

-1.6 

-1.6 

mA 

Iqs Short-circuit output current! 

Vcc = max 

SN54' 

-20 -55 

-20 -55 

mA 

SN74' 

-18 -55 

-18 -55 

Ice Supply current 

Vcc = MAX, 

See Note 3 

'150 

40 68 


mA 

'151A 


29 48 

'152A 


26 43 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type- 

$ All typical values at Vqq = 5 V, = 25°C. 

§ Not more than one output of the '151 A should be shorted at a time. 

NOTE 3: Icc is measured with the strobe and data select inputs at 4.5 V, all other inputs and outputs open. 
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TYPES SN54150, SN54151A. SNS4152A. SN74150. SN74151A 
DATA SELECTORS/MULTIPLEXERS 



7-160 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETERlI 

FROM 

TO 

TEST 

'150 

'151A, '152A 


(INPUT) 

(OUTPUT) 

CONDITIONS 

MIN TYP 

MAX 

MIN TYP 

MAX 

UNIT 

tPLH 

A, B, or C 

Y 



25 

38 

ns 

tPHL 

(4 levels) 




25 

38 

tPLH 

A, B, C, or D 

w 


23 

35 

17 

26 

ns 

tPHL 

(3 levels) 


22 

33 

19 

30 

tPLH 

Strobe 


C[_ = 15 pF, 

Rj_ = 400 n. 

See Note 4 


21 

33 

ns 

tPHL 



22 

33 

tPLH 

Strobe 

w 

15.5 

24 

14 

21 

ns 

tPHL 

21 

30 

15 

23 

tPLH 

DO thru D7 




13 

20 

ns 

tPHL 




18 

27 

TPLH 

E0 thru El 5, or 

w 


13 

20 

8 

14 

ns 

tPHL 

DO thru D7 



8.5 

14 

8 

14 


lilpLH ^propagation delay time, low-to-high-level output 
tpH l = propagation delay time, high-to-low-level output 
NOTE 4: Load circuit and voltage waveforms are shown on page 3-10. 


schematics of inputs and outputs 
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TYPES SN54LS151, SN54LS152, SN74LS151 
DATA SELECTORS/MULTIPLEXERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc ( see Note 1) 7 V 

Input voltage 7 V 

Operating free-air temperature range: SN54LS' Circuits -55°Cto125°C 

SN74LS' Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54LS' 

SN74LS' 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-400 

-400 

juA 

Low-level output current, Iql 

4 

8 

mA 

Operating free-air temperature, T/\ 

—55 1 25 

0 70 

°c 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS' 

SN74LS' 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|h High-level inputvoltage 


2 

2 

V 

V|L Low-level inputvoltage 


0.7 

0.8 

V 

V|k Input clamp voltage 

V CC =MIN, 1 1 = —18 mA 

-1.5 

-1.5 

V 

vqh Higi i-icvei ou tpu l vui iage 

V CC =MIN, V| H = 2 V, 

V[ l = V| l rn a x, Iqh = — 400fiA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

Vcc = MIN, V|h = 2V, 

V | l = V | l max 

lOL = A mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 mA 


0.35 0.5 

Input current at 

l| 

maximum inputvoltage 

Vcc = M AX, Vj = 7 V 

0.1 

0.1 

mA 

l|ld High-level input current 

V CC =MAX, Vj = 2.7 V 

20 

20 

p A 

l|L Low-level input current 

Vcc = MAX, V| = 0.4 V 

-0.4 

-0.4 

mA 

los Short-circuit output currents 

Vcc = max 

o 

o 

T 

o 

CN 

1 

-20 -100 

mA 

ICC Supply current 

Vcc = MAX, Outputs open. 

All inputs at 4.5 V 

'LSI 51 

6.0 10 

6.0 10 

mA 

'LSI 52 

5.6 9 



^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 

? All typical values are at Vqq = 5 V, T a = 25°C. 

§ Not more than one output should be shorted at a time and duration of short-circuit should not exceed one second. 
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TYPES SN54LS151, SN54LS152, SN74LS151 
DATA SELECTORS/MULTIPLEXERS 


switching characteristics, Vqq = 5V,T^ = 25° C 


PARAMETER^ 

FROM 

TO 

TEST CONDITIONS 

SN54LS'. SN74LS' 

UNIT 

(INPUT) 

(OUTPUT) 

MIN TYP 

MAX 

tPLH 

A, B, or C 



27 

43 

ns 

tPHL 

(4 levels) 



18 

30 

t PLH 

A, B, or C 

W 


14 

23 

ns 

1PHL 

(3 levels) 


20 

32 

tPLH 

Strobe 


Cl = 15 pF, 

RL= 2 kn. 

See Note 5 

26 

42 

ns 

tPHL 


20 

32 

tPLH 

Strobe 

w 

15 

24 

ns 

tPHL 

18 

30 

tPLH 

Any D 



20 

32 

ns 

tPHL 



16 

26 

tPLH 

Any D 

w 


13 

21 

ns 

tPHL 


12 

20 


^ t PLH = Propagation delay time, low-to-high-level output 
tPHL — Propagation delay time, high-to-low-level output 
NOTE 5: See load circuits and waveforms on page 3-11. 



schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 
OF 'LSI 51, 'LS152 



Data select and strobe: R eq = 20 NOM 
Data inputs: R eq = 17 k£2 NOM 


TYPICAL OF ALL OUTPUTS 
OF 'LS151, 'LS152 
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TYPES SN54S151, SN74S151 
DATA SELECTORS/MULTIPLEXERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54S151 Circuits -55°Cto125°C 

SN74S1 51 Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN54S151 

SN74S151 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 


-1 

mA 

Low-level output current, Iol 

20 

20 

mA 

Operating free-air temperature, 

-55 125 

o 

r- 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V|h High-level input voltage 


2 

V 

V|l Low-level input voltage 


0.8 

V 

V||< Input clamp voltage 

Vcc = MIN, l| = — 18 mA 

-1.2 

V 

VoH High-level output voltage 

V C c = MIN, V|H = 2 V, 

V| |_ = 0.8 V, l 0 H = -1mA 

SN54S' 

2.5 3.4 

V 

SN74S' 

2.7 3.4 

Vq l Low-level output voltage 

Vcc = MIN, V|h = 2V, 

V|l = 0.oV, iql ~ 20 mA 

0.5 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

mA 

l|H High-level input current 

Vcc = MAX, V, = 2.7 V 

50 

MA 

1 1 1 _ Low-level input current 

Vcc = MAX, V| = 0.5 V 

-2 

mA 

IqS Short-circuit output current^ 

Vcc = max 

-40 -100 

mA 

•CC Supply current 

Vcc = MAX, All inputs at 4.5 V, 

All outputs open 

45 70 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type. 

t At I typical values are at = 5V, T^ = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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POST OFFICE BOX 5012 


TEST CONDITIONS 


SN54S151, SN74S151 

UNIT 

MIN TYP MAX 
























































TTL 

MSI 


TYPES SN54153, SN54L153, SN54LS153, SN54S153, 
SN74153, SN74L153, SN74LS153, SN74S153 
DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 

BULLETIN NO. DL-S 761 1852, DECEMBER 1972 - REVISED OCTOBER 1976 


• Permits Multiplexing from I\1 lines to 1 line 

• Performs Parallel-to-Serial Conversion 

• Strobe (Enable) Line Provided for Cascading 
(N lines to n lines) 

• High-Fan-Out, Low-Impedance, Totem-Pole 
Outputs 

• Fully Compatible with most TTL and DTL 
Circuits 


TYPICAL AVERAGE 
PROPAGATION DELAY TIMES 



FROM 

FROM 

FROM 


DATA 

STROBE 

SELECT 

'153 

14 ns 

17 ns 

22 ns 

'LI 53 

27 ns 

34 ns 

44 ns 

'LSI 53 

14 ns 

19 ns 

22 ns 

'SI 53 

6 ns 

9.5 ns 

12 ns 


TYPICAL 

POWER 

DISSIPATION 

180 mW 
90 mW 
31 mW 
225 mW 


description 

i Each of these monolithic, data selectors/muitiplexers 
contains inverters and drivers to supply fully 
complementary, on-chip, binary decoding data 
selection to the AND-OR-invert gates. Separate strobe 
inputs are provided for each of the two four-line 


SN54153, SN54LS1 53, SN54S153 . . . J OR W PACKAGE 
SN54L153 . . . J PACKAGE 

SN741 53, SN74L1 53, SN74LS1 53, SN74S1 53 . . . J OR N PACKAGE 
(TOP VIEW) 



FUNCTION TABLE 



Select inputs A and B are common to both sections. 
H = high level, L = low level, X - irrelevant 


sections. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1 ) 7 V 

Input voltage: '153, 'LI 53, 'SI 53 5.5 V 

'LSI 53 7 V 

Operating free-air temperature range: SN54', SN54L', SN54LS', SN54S' Circuits -55°C to 1 25° C 

SN74', SN74L', SN74LS', SN74S’ Circuits 0°Cto70°C 

Storage temperature range -65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 
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TYPES SN54153, SN74153 
DUAL 4-LINE-T0-1-UHIE DATA SELECTORS/MULTIPLEXERS 


recommended operating conditions 



SN54153 

SN74153 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-800 

-800 

/uA 

Low-level output current, Iol 

16 

16 

mA 

Operating free-air temperature, Ta 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

SN54153 

SN74153 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|h High-level input voltage 


2 

2 

V 

Vjj_ Low-level input voltage 


0.8 

0.8 

V 

V|K Input damp voltage 

Vcc = MIN, l| = — 12 mA 

-1.5 

-1.5 

V 

Vqm uigH.jgw S j output voltage 

V C C = MIN, V| H = 2 V, 

V|l = 0.8 V, I O h = -800mA 

2.4 3.4 

2 4 3 4 

V 

Vql Low-level output voltage 

V^=MIN V.ii = 9 V 
' OO * -in — v r 

V| L = 0.8 V, l 0 L=16mA 

0.2 0.4 

0.2 0.4 

V 

1) Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

1 

mA 

l|f_| High-level input current 

Vcc = MAX, V| = 2.4 V 

40 

40 

mA 

l|L Low-level input current 

V C c = MAX, V| = 0.4 V 

-1.6 

-1.6 

mA 

lOS Short-circuit output current^ 

Vcc = max 

-20 -55 

-18 -57 

mA 

ICCL Supply current, output low 

Vcc = MAX, See Note 2 

36 52 

36 60 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
? All typical values are at Vqq = 5 V, = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 2: IccL is measured with the outputs open and all inputs grounded. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETERU 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

tPLH 

Data 

Y 


12 

18 

ns 

tPHL 

Data 

Y 


15 

23 

ns 

tPLH 

Select 

Y 

Cl = 30 pF, Rl = 400 n, 

22 

34 

ns 

tPHL 

Select 

Y 

See Note 3 

22 

34 

ns 

tPLH 

Strobe 

Y 


19 

30 

ns 

tPHL 

Strobe 

Y 


15 

23 

ns 



H tp lh — propagation delay time, low-to-high-level output 
t PH L s propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54L153, SN74L153 

DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 


recommended operating conditions 



SN54L153 

SN74L153 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

—400 

-400 

mA 

Low-level output current, Iol 

8 

8 

mA 

Operating free-air temperature, 

-55 125 

o 

r** 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54L153 

SN74L153 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|n High-level input voltage 


2 

2 

V 

V|[_ Low-level input voltage 


0.8 

0.8 

V 

V||< Input clamp voltage 

Vcc = MIN, l| = — 12 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

V C c " MIN, V|h = 2V, 
V|l=0.8V, Iqh = ~ 400 mA 

2.4 3.4 

2.4 3.4 

V 

Vql Low-level output voltage 

V C c = MIN, V|h = 2 V, 

V|l = 0.8 V, i 0 L = 8mA 

0.2 0.4 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V C c = MAX, V| = 5.5 V 

1 

1 

mA 

l||-l High-level input current 

V C c = MAX, V | = 2.4 V 

20 

20 

mA 

l|j_ Low-level input current 

Vcc = MAX, V, = 0.4 V 

-0.8 

-0.8 

mA 

IqS Short-circuit output current^ 

v C c = max 

-10 -28 

-9 -30 

mA 

ICCL Supply current, output low 

Vcc ~ MAX, See Note 2 

18 26 

18 30 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

i All typical values are at Vqq = 5 V, = 25° C. 

§Not more than one output should be shorted at a time. 

NOTE 2: IcCL is measured with the outputs open and all inputs grounded. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER^ 

FROM 

INPUT 

TO 

OUTPUT 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

iPLH 

Data 

Y 


24 

36 

ns 

tPHL 

Data 

Y 


30 

46 

ns 

tPLH 

Select 

Y 

C|_ = 30 pF, R l = 400 O, 

44 

68 

ns 

tPHL 

Select 

Y 

See Note 3 

44 

68 

ns 

l PLH 

Strobe 

Y 


38 

60 

ns 

tPHL 

Strobe 

Y 


30 • 

46 

ns 


^tpLH s propagation delay time, low-to-high-level output 
tpH|_ = propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54LS153, SN74LS153 
DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 

REVISED OCTOBER 1976 


recommended operating conditions 



SN54LS153 

SN74LS153 


MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

ia«i 



High-level output current. Ion 

— 400 

-400 

El 

Low-level output current, Iql 

4 

8 

warm 

Operating free-air temperature, T& 

-55 125 

o 

r-'. 

o 

■a 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

SN54LS153 

SN74LS153 

UNIT 

MIN TYP* MAX 

MIN TYPt MAX 

V|(-| High-level input voltage 


2 

2 

V 

V||_ Low-level input voltage 


0.7 

0.8 

V 

V|K Input clamp voltage 

Vcc = MIN, 1 1 = — 18 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

V'cc = MiN, V 1 1 -| = 2 V, 

V|l = V|l max, Iqh = —400 mA 

2.5 3.4 

2.7 3.4 

V 

v OL L-uvv-ievei uulpuL vuiiciye 

V C c = MIN, V|h = 2V, 

V|l = V|L max 

lOL = 4 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 mA 


0.35 0.5 

a, 

maximum input voltage 

Vcc = MAX, V| = 7 V 

0.1 

0.1 

mA 

1 1 h High-level input current 

Vcc = MAX, V| = 2.7 V 

20 

20 

M A 

l|L Low-level input current 

Vcc = MAX, V| = 0.4 V 

-0.4 

-0.4 

mA 

'OS Short-circuit output current§ 

Vcc = max 

-20. -1 00 

-20 -100 

mA 

'CCL Supply current, output low 

Vcc = MAX, See Note 2 

6.2 10 

o> 

ro 

o 

mA 


+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAII typical values are at Vqq = 5 V, = 25 C. 

§ Not more than one output should be shorted at a time and duration of short-circuit should not exceed one second. 
NOTE 2: Iccl is measured with the outputs open and ail inputs grounded. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER f 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPLH 

Data 

Y 

C L = 15 pF, 

R L = 2 kft. 

See Note 4 

10 15 

ns 

tPHL 

Data 

Y 

17 26 

ns 

tPLH 

Select 

Y 

19 29 

ns 

tPHL 

Select 

Y 

25 38 

ns 

tPLH 

Strobe 

Y 

•<T 

CM 

CD 

ns 

tPHL 

Strobe 

Y 

21 32 

ns 



IT tpLH — propagation delay time, low-to-high-leve! output 
tpHL = propagation delay time, high-to-low-level output 
NOTE 4: Load circuits and voltage waveforms are shown on page 3-11. 
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TYPES SN54S153, SN74S153 

DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 


recommended operating conditions 



SN54S153 

SN74S153 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.5 5 5,5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-1 

-1 

mA 

Low-level output current, Iol 

20 

20 

mA 

Operating free-air temperature, T/\ 

-55 125 

o 

r-. 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V|(-| High-level input voltage 


2 

V 

V| Low-level input voltage 


0.8 

V 

V|K Input clamp voltage 

V CC = MIN, l| = —18 mA 

-1.2 

V 

Vqh High-level output voltage 

Vqc = MIN, V| H = 2 V, 

V|[_ = 0.8V, Iqh=— 1mA 

Series 54S 

2.5 3.4 

V 

Series 74S 

2.7 3.4 

Vql Low-level output voltage 

V CC = MIN, V| H = 2V, 

V|l = 0.8V, lQ[_ = 20mA 

0.5 

V 

l| Input current at maximum input voltage 

V C c = MAX, V| = 5,5 V 

1 

mA 

1 in H igh-level input current 

Vcc = MAX, V, = 2.7 V 

50 

MA 

l|L Low-level input current 

Vcc = MAX, V, = 0.5 V 

-2 

mA 

1 qs Short-ci rcu it output current § 

Vcc = max 

-40 -100 

mA 

'CCL Supply current, low-level output 

V C c = MAX, See Note 2 

45 70 

mA 



T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at Vqq = 5 V, = 25° C. 

§Not more than one output should be shorted at a time and duration of short-circuit should not exceed one second. 
NOTE 2: IcCL * s measured with the outputs open and all inputs grounded. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER H 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

*PLH 

Data 

Y 


6 

9 

ns 

tPHL 

Data 

Y 


6 

9 

ns 

tPLH 

Select 

Y 

C[_ = 15 pF, R L = 280n., 

11.5 

18 

ns 

tPHL 

Select 

Y 

See Note 3 

12 

18 

ns 

tPLH 

Strobe 

Y 


10 

15 

ns 

tPHL 

Strobe 

Y 


9 

13.5 

ns 


HtpLH ~ propagation delay time, low-to-high-level output 
t PHL — propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TTL TYPES SN 54154, SN54L154, SN74154, SN74L154 

MSI 4-LINE-T0-16-LINE DECODERS/ DEMULTIPLEXERS 

BULLETIN NO. DL-S 721 1805, DECEMBER 1972 


• '154 is Ideal for High-Performance 
Memory Decoding 

• 'L154 is Designed for Power-Critical 
Applications 

• Decodes 4 Binary-Coded Inputs into One of 
16 Mutually Exclusive Outputs 

• Performs the Demultiplexing Function by 
Distributing Data From One Input Line to 
Any One of 16 Outputs 

• input Clamping Diodes Simplify System 
Design 

• High Fan-Out, Low-Impedance, Totem-Pole 
Outputs 

• Fully Compatible with Most TTL, DTL, and 
MSI Circuits 


SN54154 . . . J OR W PACKAGE 
SN54L154 . . . J PACKAGE 
SN74154, SN74L154 ...JORN PACKAGE 
(TOP VIEW) 





TYPiCAL AVERAGE 

TYPICAL 

POWER DISSIPATION 

TYPE 

PROPAGATION DELAY 

3 LEVELS OF LOGIC STROBE 

'154 

23 ns 

19 ns 

170 mW 

'L154 

46 ns 

38 ns 

85 mW 


description 

Each of these monolithic, 4-line-to-1 6-line decoders utilizes TTL circuitry to decode four binary-coded inputs into one 
of sixteen mutually exclusive outputs when both the strobe inputs, G1 and G2, are low. The demultiplexing function is 
performed by using the 4 input lines to address the output line, passing data from one of the strobe inputs with the 
other strobe input low. When either strobe input is high, all outputs are high. These demultiplexers are ideally suited for 
implementing high-performance memory decoders. For ultra-high -speed systems, SN54S138/SN74S138 and SN54S139/ 
SN74S139 are recommended. 

These circuits are fully compatible for use with most other TTL and DTL circuits. All inputs are buffered and input 
clamping diodes are provided to minimize transmission-line effects and thereby simplify system design. 

Series 54 and 54L devices are characterized for operation over the full military temperature range of -55° C to 125°C; 
Series 74 and 74L devices are characterized for operation from 0°C to 70°C. 
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TYPES SN54154, SNS4L154, SN74154, SN74L154 
4-LINE-T0-16-LINE DECODERS/DEMULTIPLEXERS 















TYPES SN54154, SN74154 
4-LINE-T0-16-LINE DECODERS/ DEMULTIPLEXERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN541 54 Circuits -55°Cto125°C 

SN741 54 Circuits 0°C to 70° C 

Storage temperature range -65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 


recommended operating conditions 



SN 54154 

SN74154 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-800 

-800 

mA 

Low-level output current, Iql 

16 

16 

mA 

Operating free-air temperature, T& 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

i tS i uONui i iONS 1 

SN 54154 

SN74154 

UNIT 

MIN TYP MAX 

MIN TYP? MAX 

V | [_] High-level input voltage 


2 

2 

V 

V 1 1 _ Low-level input voltage 


0.8 

0.8 

V 

V|k Input clamp voltage 

Vcc = MIN, 1 1 = — 12 mA 

-1.5 

-1.5 

V 

Voh High-level output voltage 

V C c = MIN, V| H = 2V, 

V||_ = 0.8 V, lOH = —800 ;uA 

2.4 3.4 

2.4 3.4 

V 

Vol Low-level output voltage 

V C c = MIN, V| H = 2 V, 

V||_ = 0.8 V, Iql = 16 mA 

0.2 0.4 

0.2 0.4 

V 

l| Input current at maximum input voltage 

Vcc = MAX, Vi = 5.5 V 

1 

1 

mA 

l|l-l High-level input current 

V C c = MAX, V| = 2.4 V 

40 

40 

MA 

l|l_ Low-level input current 

V C c = MAX, V| = 0.4 V 

-1.6 

-1.6 

mA 

lOS Short-circuit output currents 

Vcc = max 

1 

ro 

0 

1 

CJl 

cn 

-18 -57 

mA 

ICC Supply current 

Vcc = MAX, See Note 2 

34 49 

34 56 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
^All typical values are at Vqq = 5 V, = 25° C. 

§Not more than one output should be shorted at a time. 

NOTE 2: Iqq is measured with all inputs grounded and all outputs open. 


switching characteristics, Vcc = 5 V, Ta = 25 ° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Propagation delay time, low-to-high-level output, 

tpLH 

from A, B, C, or D inputs through 3 levels of logic 

C[_ = 1 5 pF, R l = 400 £2 , 

See Note 3 

24 36 

ns 

Propagation delay time, high-to-low-level output, 
from A, B, C, or D inputs through 3 levels of logic 

22 33 

ns 

Propagation delay time, low-to-high-level output, 

tpiH 

from either strobe input 

20 30 

ns 

Propagation delay time, high-to-low-level output, 

tpH L 

from either strobe input 

18 27 

ns 


NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 


1076 

Texas Instruments 7-173 

INCORPORATED 


POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 



TYPES SN54L154, SN74L154 
4-LINE-T0-16-LINE DECODERS/ DEMULTIPLEXERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54L 154 Circuits -55°Cto125°C 

SN74L1 54 Circuits 0°C to 70°C 

Storage temperature range , -65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal, 

recommended operating conditions 



SN54L154 

SN74L154 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-400 

-400 

pA 

Low-level output current, Iql 

8 

8 

mA 

Operating free-air temperature, T a 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

MIN TYPt MAX 

UNIT 

V||-| High-level input voltage 


2 

V 

V|(_ Low-level input voltage 


0.8 

V 

V|K 1 nput clamp voltage 

Vcc = MIN, 1 1 = — 12 mA 

-1.5 

V 

Vqh High-level output voltage 

V CC = MIN, V|h = 2V, 

V|l = 0.8 V, I 0 H = -400mA 

2.4 3.4 

V 

Vql Low-level output voltage 

V0c = M!N, V|h = 2V, 

V|i_ = 0.8V, loL = 8mA 

o 

CM 

o 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

mA 

l|l-l High-level input current 

V C c = M AX, V| = 2.4 V 

20 

MA 

l||_ Low-level input current 

Vcc = MAX, V| = 0.4 V 

-0.8 

mA 

lOS Short-circuit output currentS 

Vcc= max 

-9 -29 

mA 

ICC Supply current 

V C c = MAX, 
See Note 2 

SN54L154 

17 25 

mA 

SN74L154 

17 28 


i'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
£ All typical values are at Vq q = 5 V, = 25 U C. 

§ Not more than one output should be shorted at a time, 

NOTE 2: ,s measured with all inputs grounded and all outputs open. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Propagation delay time, low-to-high-level output, 
from A, B, C, or D inputs through 3 levels of logic 

C L = 15 pF, R|_ = 800 Cl, 

See Note 3 

48 72 

ns 

Propagation delay time, high-to-low-level output, 

PH *" from A, B, C, or D inputs through 3 levels of logic 

44 66 

ns 

Propagation delay time, low-to-high-level output, 

tpLH 

from either strobe input 

40 60 

ns 

Propagation delay time, high-to-low-level output, 

tpHL 

from either strobe input 

36 54 

ns 


NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TTL 

MSI 


TYPES SN54155, SN54156, SN54LS155, SN54LS156, 
SN74155, SN74156, SN74LS155. SN74LS156 
DUAL 2-UNE-T0-4-LINE DECODERS/DEMULTIPLEXERS 

BULLETIN NO. DL-S 7611850, MARCH 1974-REVISED OCTOBER 1976 


• Applications: 

Dual 2-to-4-Line Decoder 
Dual 1-to-4-Line Demultiplexer 
3-to-8-Line Decoder 
1-to-8-Line Demultiplexer 

• Individual Strobes Simplify Cascading for 
Decoding or Demultiplexing Larger Words 

• Input Clamping Diodes Simplify System 
Design 

• Choice of Outputs: 

Totem Pole ('155, 'LS155) 
Open-Collector ('156, 'LSI 56) 


TYPES 

'155, '156 
'LSI 55 
'LSI 56 


TYPICAL AVERAGE 
PROPAGATION DELAY 
3 GATE LEVELS 

21 ns 
18 ns 
32 ns 


TYPICAL 
POWER 
DISSIPATION 
125 mW 
31 mW 

31 mUI 


SN54155, SN54156, SN54LS155, SN54LS156 . . . J OR W PACKAGE 
SN74155, SN74156, SN74LS155, SN74LS156 . . . J OR N PACKAGE 
(TOP VIEW) 



description 


These monolithic transistor-transistor-logic (TTL) circuits feature dual 1-line-to-4-line demultiplexers with individual 
strobes and common binary-address inputs in a single 16-pin package. When both. sections are enabled by the strobes, 
the common binary-address inputs sequentially select and route associated input data to the appropriate output of each 
section. The individual strobes permit activating or inhibiting each of the 4-bit sections as desired. Data applied to input 
1C is inverted at its outputs and data applied at 2C is not inverted through its outputs. The inverter following the 1C 
data input permits use as a 3-to-8-line decoder or 1-to-8-line demultiplexer without external gating. Input clamping 
diodes are provided on all of these circuits to minimize transmission-line effects and simplify system design. 

Series 54 and 54LS are characterized for operation over the full military temperature range of — 55° C to 125°C; Series 
74 and 74LS are characterized for operation from 0°C to 70°C. 


schematics of inputs and outputs 


'155, '156 


EQUIVALENT OF EACH INPUT 



'LS155, 'LS156 


TYPICAL OF ALL OUTPUTS 

/ CC 



EQUIVALENT OF EACH INPUT 

V CC T 

k 20 k 

n NOM 

1 

> \ 

' 


n 

7 



TYPICAL OF ALL OUTPUTS 
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TYPES SNS41S5. SN54156. SN54LS155, SN54LS156, 

SN74155, SN74156, SN74LS155. SN74LS156 

DUAL 2-LINE-T0-4-UNE DECODERS/DEMULTIPLEXERS 


functional block diagram and logic 



FUNCTION TABLES 
2-LINE-TO-4-LINE DECODER 
OR 1-LINE-T0-4-LINE DEMULTIPLEXER 


INPUTS 

OUTPUTS 

SELECT 

STROBE 

DATA 


1Y1 

1Y2 

1Y3 

B A 

1G 

1C 

' 

X X 

H 

X 

H 

H 

H 

H 

L L 

L 

H 

L 

H 

H 

H 

L H 

L 

H 

H 

L 

H 

H 

H L 

.L 

H 

H 

H 

L 

H 

H H 

L 

H 

H 

H 

H 

L 

X X 

X 

L 

H 

H 

H 

H 


INPUTS 

OUTPUTS 

SELECT 

STROBE 

DATA 

2Y0 

2Y1 

2Y2 


B A 

2G 

2C 

2Y3 

X X 

H 

X 

H 

H 

H 

H 

L L 

L 

L 

L 

H 

H 

H 

L H 

L 

L 

H 

L 

H 

H 

H L 

L 

L 

H 

H 

L 

H 

H H 

L 

L 

H 

H 

H 

L 

X X 

X 

H 

H 

H 

H 

H 


FUNCTION TABLE 
3-LINE-TO-8-LINE DECODER 
OR 1-LINE-TO-8-LINE DEMULTIPLEXER 


INPUTS 

OUTPUTS 

SELECT 

STROBE 

OR DATA 

(0) 

id 

(2) 

(3) 

(41 

(51 

(6) 

(7) 

C* 

B 

A 

Gt 

2Y0 

2Y1 

2Y2 

2Y3 

1 Y0 

1Y1 

1Y2 

1Y3 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

L . 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

_±LJ 

L 

H 

H 

H 

H 

H 

H 

H 

L 


* inputs 1C and 2C connected together 
tG = inputs 1G and 2G connected together 
H = high level, L = low level, X = irrelevant 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 

Input voltage: '155, '156 

'LSI 55, 'LSI 56 

Off-state output voltage: '155 

'LS155 

Operating free-air temperature range: SN54', SN54LS' Circuits 

SN74', SN74LS' Circuits 
Storage temperature range 

NOTE 1 : Voltage values are with respect to network ground terminal. 


. . . . 7 V 

. ... 5.5 V 

. . . . 7 V 

. . . . 5.5 V 

. . . . 7 V 

— 55°C to 125°C 
. 0°C to 70° C 

— 65°C to 150°C 
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TYPES SN54155, SN74155 
DUAL 2-LINE-T0-4-LINE DECODERS/DEMULTIPLEXERS 


recommended operating conditions 



SN 54155 

SN74155 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-800 

-800 

fiA 

Low-level output current, Iol 

16 

16 

mA 

Operating free-air temperature, 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER' 

TEST CONDITIONS* 

SN54155 

SN74155 

UNIT 

MIN TYPl MAX 

V|h High-level input voltage 


2 

V 

V||_ Low-level input voltage 


0.8 

V 

V|K Input clamp voltage 

V C c = MIN, l| = —12 mA 

-1.5 

V 

Vnu High-level output voltage 

V C c = MIN, V|H = 2 V, 

V| L = 0.8 V, l 0 H = -800 mA 

2.4 3.4 

V 

V'ol i-ow-ievei output voitage 

V C c = MIN, V ( h = 2 V, 

V|l = 0.8V, lQL = 16mA 

0.2 0.4 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

i 

mA 

i | h High-level input current 

Vcc = MAX, V| = 2.4 V 

40 

HA 

1 1 [_ Low-level input current 

Vcc = MAX, V| = 0.4 V 

-1.6 

mA 

*OS Short-circuit output current§ 

Vcc = max 

SN54155 

-20 -55 

mA 

SN74155 

-18 -57 

Ice Supply current 

Vcc = max. 

See Note 2 

SN54155 

25 35 

mA 

SN74155 

25 40 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
t All typical values are at Vqq = 5 V, T a = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 2: Iqq is measured with outputs open. A, B, and 1C inputs at 4.5 V, and 2C, 1G, and 2G inputs grounded. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER^ 

FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF LOGIC 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPLH 

A, B, 2C, 

1G, or 2G 

Y 

2 

C L = 15 pF, 

R|_ = 400 n, 

See Note 3 

13 20 

ns 

tPHL 

A, B, 2C, 

1G, or 2G 

Y 

2 

18 27 

ns 

*PLH 

A or B 

Y 

3 

21 32 

ns 

*PHL 

A or B 

Y 

3 

21 32 

ns 

tPLH 

1C 

Y 

3 

16 24 

ns 

*PHL 

1C 

Y 

3 

to 

o 

CO 

o 

ns 


^ tp lh = propagation delay time, low-to-high-level output 
tPHL = propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54LS155, SN74LS155 

DUAL 2-LINE-T0-4-LINE DECODERS/DEMULTIPLEXERS 

REVISED OCTOBER 1976 


recommended operating conditions 



SN54LS155 

SN74LS155 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Iqh 

-400 

-400 

jaA 

Low-level output current, Iol 

4 

8 

mA 

Operating free-air temperature, 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS^ 

SN54LS155 

SN74LS155 

UNIT 

MIN TYPt MAX 

MIN TYP* MAX 

V|H High-level input voltage 


2 

2 

V 

V|l Low-level input voltage 


0.7 

0.8 

V 

V|« Input clamp voltage 

V CC = MIN, l| = — 18 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

V CC = MIN, V|(-| -2 V, 

V|L = V IL max- 'OH = ~ 4 00 mA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

V C c = MIN, V|h = 2V, 

V IL = v ILmax 

lOL = 4 m A 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 m A 


0.35 0.5 

Input current at 
* maximum input voltage 

V C c = MAX, V| = 7 V 

0.1 

0.1 

mA 

l|PI High-level input current 

V C C = MAX, V| = 2.7 V 

20 

20 

pA 

l|L Low-level input current 

V C c = MAX - v l = 0.4 v 

-0,4 

-0.4 

mA 

IqS Short-circuit output currentS 

V C c = max 

-6 -40 

-5 -42 

mA 

ICC Supply current 

V C c = MAX, See Note 2 

6.1 10 

6.1 10 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at Vqq = 5 V, = 25° C. 

§ Not more than one output should be shorted at a time. 

NOTE 2: Iqq is measured with outputs open. A, B, and 1C inputs at 4.5 V, and 2C, 1G, and 2G inputs grounded. 



switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER* 

FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF LOGIC 

TEST CONDITIONS 

SN54LS155 

SN74LS155 

UNIT 

MIN TYP MAX 

tPLH 

A, B, 2C, 
1G, or 2G 

Y 

2 

C L = 15 pF, 

R L = 2 kO, 

See Note 4 

10 15 

ns 

tPHL 

A, B, 2C, 

1G, or 2G 

Y 

2 

19 30 

ns 

tPLH 

A or B 

Y 

3 

17 26 

ns 

tPHL 

A or B 

Y 

3 

19 30 

ns 

1PLH 

1C 

Y 

3 

CM 

co 

ns 

l PHL 

1C 

Y 

3 

18 27 

ns 


Htpm s propagation delay time, low-to-high-level output 
tpHL — propagation delay time, high-to-low-level output 
NOTE 4: Load circuit and voltage waveforms are shown on page 3-11. 
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TYPES SN54156, SN74156 
DUAL 2-LINE-T0-4-LINE DECODERS/DEMULTIPLEXERS 


recommended operating conditions 



SN54156 

SN74156 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output voltage. Von 

5.5 

5.5 

V 

Low-level output current, Iol 

16 

16 

mA 

Operating free-air temperature, Ta 

-55 125 

o 

-si 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54156 

SN74156 

UNIT 

MIN TYP* MAX 

Vj j_j High-level input voltage 


2 

V 

V|i_ Low-level input voltage 


0.8 

V 

V|k Input clamp voltage 

Vcc = MIN, l| = — 12 mA 

-1.5 

V 

lOH High-level output current 

V C c = MIN, V|h = 2V, 

V !L = 0,8V, Vqli = 5.5 V 

250 

mA 

Vql Low-level output voltage 

V C C = MIN, V|h = 2V, 

V|l = 0.8 V, l 0L =16mA 

0.2 0.4 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

mA 

l|H High-level input current 

Vcc = MAX, V t = 2.4 V 

40 

MA 

1 1 l Low-level input current 

V C c = MAX, V | = 0.4 V 

-1.6 

mA 

ICC Supply current 

V C c = MAX, 

See Note 2 

SN54156 

25 35 

mA 

SN74156 

25 40 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
?AII typical values are at Vqq = 5 V, = 25°C. 

NOTE 2: Iqc is measured with outputs open. A, B, and 1 C inputs at 4.5 V, and 2C, 1 G, and 2G inputs grounded. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER^ 

FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF LOGIC 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPLH 

A, B, 2C, 

1G, or 2G 

Y 

2 

Cl = 15 pF, 

RL = 400n, 

See Note 3 

15 23 

ns 

tPHL 

A, B, 2C, 

1G, or 2G 

Y 

2 

20 30 

ns 

tPLH 

A or B 

Y 

3 

23 34 

ns 

tPHL 

A or B 

Y 

3 

23 34 

ns 

tPLH 

1C 

Y 

3 

18 27 

ns 

tPHL 

1C 

Y 

3 

22 33 

ns 



^tPLH = propagation delay time, low-to-high-level output 
tpHL = propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54LS156. SN74LS156 

DUAL 2-LINE-T0-4-LINE DECODERS/DEMULTIPLEXERS 


recommended operating conditions 



SN54LS156 

SN74LS156 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output voltage, Vqh 

5.5 

5.5 

V 

Low-level output current, Iol 

4 

8 

mA 

Operating free-air temperature, 

-55 125 

o 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS'*' 

SN54LS156 

SN74LS156 

UNIT 

MIN TYPT MAX 

MIN TYPt MAX 

V|n High-level input voltage 


2 

2 

V 

V|i_ Low-level input voltage 


0.7 

0.8 

V 

V|k Input clamp voltage 

Vcc = MIN, If = — 18 mA 

-1.5 

-1.5 

V 

IqH High-level output current 

Vq0=MIN, V|(-|-2V, 

Vj l = V § [_ max, Vqh = 5.5V 

100 

100 

M A 

Vql Low-level output voltage 

Vcc = MIN, V|H = 2 V, 

V|l = V||_ max 

lOL = 4 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 mA 


0.35 0.5 

Input current at 

li 

maximum input voltage 

V C C = MAX, V| = 7 V 

0.1 

0.1 

mA 

1 1 High-level input current 

Vcc = MAX, V| = 2.7 V 

20 

20 

mA 

l|L Low-level input current 

Vcc = MAX, V | = 0.4 V 

-0.4 

-0.4 

mA 

Ice Supply current 

Vcc = MAX, See Note 2 

6.1 10 

6.1 10 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
3-AII typical values are at V^c = 5 V, T ^ = 25°C. 

NOTE 2: is measured with outputs open. A, B, and 1 C inputs at 4.5 V, and 2C, 1G, and 2G inputs grounded. 



switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER^ 

FROM 

(INPUT) 

TO 

(OUTPUT) 

LEVELS 

OF LOGIC 

TEST CONDITIONS 

SN54LS156 

SN74LS156 

UNIT 

MIN TYP MAX 



■ 1 

2 

C L = 15 pF, 

R l = 2 kfi. 

See Note 4 

25 40 

ns 

tPHL 

A, B, 2C, 

1G, or 2G 

Y 

2 

34 51 

ns 

tPLH 

A or B 

Y 

3 

31 46 

mi 

tPHL 

A or B 

Y 

3 

34 51 


tPLH 

1C 

Y 

3 

CO 

«fr 

CN 

CO 


tPHL 

1C 

Y 

3 

CO 

•T 

CN 

CO 



^tpLH = propagation delay time, low-to-high-level output 
tpHL s propagation delay time, high-to-low-level output 
NOTE 4: Load circuit and voltage waveforms are shown on page 3-1 1. 
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TYPES SN54157, SN54L157. SN54LS157, SNS4LS1S8, SN54S157. SN54S158. 
SN74157, SN74L1S7, SN74LS157, SN74LS158. SN74S157, SN74S158 
QUADRUPLE 2-LINE-T0-1-UNE DATA SELECTORS/MULTIPLEXERS 


BULLETIN NO. DL-S 7611847, MARCH 1974-REVISED OCTOBER 1976 


features 

• Buffered Inputs and Outputs 

• Three Speed/Power Ranges Available 


TYPES 

TYPICAL 

AVERAGE 

PROPAGATION 

TIME 

TYPICAL 

POWER 

DISSIPATION 

'157 

9 ns 

150 mW 

'Ll 57 

18 ns 

75 mW 

'LSI 57 

9 ns 

49 mW 

'SI 57 

5 ns 

250 mW 

'LSI 58 

7 ns 

24 mW 

'SI 58 

4 ns 

195 mW 


applications 

• Expand Any Data Input Point 


• Multiplex Dual Data Buses 

• Generate Four Functions of Two Variables 
(One Variable Is Common) 


SN54157, SN54LS157, SN54S157 . . . J OR W PACKAGE 
SN54L157 . . . J PACKAGE 

SN74157, SN74L157, SN74LS157, SN74S157 . . . J OR N PACKAGE 
(TOP VIEW) 


INPUTS OUTPUT INPUTS OUTPUT 


Vcc STROBE 4A 4B 4Y 3A 3B 3Y 



INPUTS OUTPUT INPUTS OUTPUT 


positive logic: 

Low level at S selects A inputs 
High level at S selects B inputs 


• Source Programmable Counters 
description 

These monolithic data selectors/multiplexers contain 
inverters and drivers to supply full on-chip data 
selection to the four output gates. A separate strobe 
input is provided. A 4-bit word is selected from one 
of two sources and is routed to the four outputs. The 
'157, 'L157, 'LS157, and 'S157 present true data 
whereas the 'LSI 58 and 'SI 58 present inverted data 
to minimize propagation delay time. 


FUNCTION TABLE 


INPUTS 

OUTPUT Y 

STROBE 

SELECT 

A 

B 

'157, 'L157, 

'LSI 57, 'SI 57 

'LSI 58 

'SI 58 

H 

X 

X 

X 

L 

H 

L 

L 

L 

X 

L 

H 

L 

L 

H 

X 

H 

L 

L 

H 

X 

L 

L 

H 

L 

H 

X 

H 

H 

L 


SN54LS15S, SN54S158 . . . J OR W PACKAGE 
SN74LS158, SN74S158 . . . J OR N PACKAGE 
(TOP VIEW) 


INPUTS OUTPUT INPUTS OUTPUT 
VCC STROBE 4A 4B 4Y 3A 3B 3Y 



INPUTS OUTPUT INPUTS OUTPUT 


positive logic: 

Low level at S selects A inputs 
High level at S selects B inputs 


H = high level, L = low level, X = irrelevant 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1 ) 7 V 

Input voltage: '157, 'LI 57, 'SI 58 5.5 V 

'LS157, 'LS158 7 V 

Operating free-air temperature range: SN54', SN54L', SN54LS’, SN54S' Circuits — 55°Cto125°C 

SN74', SN74L', SN74LS', SN74S' Circuits 0°C to 70°C 

Storage temperature range — 65° C to 1 50°C 


NOTE 1 : Voltage values are with respect to network ground terminal. 
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TYPES SN54157, SN54L157, SN74157. SN74L157. 

QUADRUPLE 2-LINE-T0-1-UNE DATA SELECTORS/MULTIPLEXERS 



schematics of inputs and outputs 


'157, 'L157 '157, 'L157 
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TYPES SN54157, SN74157 

QUADRUPLE 2-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 


recommended operating conditions 



SN54157 

SN74157 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-800 

-800 

mA 

Low-level output current, Iql 

16 

16 

mA 

Operating free-air temperature, 

-55 125 

0 70 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54157 

SN74157 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V||_| High-level input voltage 


2 

2 

V 

V|L Low-level input voltage 


0.8 

0.8 

V 

V|K Input clamp voltage 

Vqc = MIN* 1 1 = —12 mA 

-1.5 

-1.5 

V 

Vqh High-level output voltage 

Vcc = MIN, V|H = 2V, 

V||_ = 0.8V, I O h = -800hA 

2.4 3.4 

2.4 3.4 

V 

Vql Low-level output voltage 

V CC - MIN, V|h = 2 V, 

V, l = °.8 V, Iql = 16 mA 

0.2 0.4 

0.2 0.4 

V 

t| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

1 

mA 

1 1 (-) High-level input current 

V C c = MAX, V| = 2.4 V 

40 

40 

MA 

l|L Low-level input current 

V C c = MAX, V| = 0.4 V 

-1.6 

-1.6 

mA 

Iqs Short-circuit output currents 

Vcc = max 

-20 -55 

-18 -55 

mA 

ICC Supply current 

Vcc = max. See Note 2 

30 48 

30 48 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AII typical values are at Vqq =5 V,T^ = 25°C, 

§ Not more than one output should be shorted at a time and duration of short-circuit should not exceed one second. 
NOTE 2; \qq is measured with 4.5 V applied to all inputs and all outputs open. 


switching characteristics, Vqc = 5 V, Ta = 25° C 


parameterU 

FROM (INPUT) 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPLH 

Data 

Cl = 15 pF, 
r l = 400 n. 

See Note 3 

9 14 

ns 

‘PHL 

9 14 

tPLH 

Strobe 

13 20 

ns 

1PHL 

14 21 

tPLH 

Select 

15 23 

ns 

IPHL 

18 27 


UtpLH 35 propagation delay time, low-to-high-level output 
tpHL s propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54L157, SN74L157 
QUADRUPLE 2-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 


recommended operating conditions 



SN54L157 

SN74L157 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-400 

-400 

mA 

Low-level output current, Iql 

8 

8 

mA 

Operating free-air temperature, Ta 

-55 125 

o 

r> 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

MIN TYPt MAX 

UNIT 

V||-| High-level input voltage 


2 

V 

V 1 1 _ Low-level input voltage 


0.8 

V 

V|K Input clamp voltage 

Vcc = MIN, l| = — 12 mA 

-1.5 

V 

Vqh High-level output voltage 

= M1M \/.. . = O \/ 

' ' * m - *» 

V| L = 0.8 V, Iqh = -400 //A 

2.4 3.4 

V 

Vql Low-level output voltage 

Vcc = MIN, V|H = 2V . 

V||_ = 0.8V, loL = 8mA 

0.2 0.4 

V 

l| Input current at maximum input voltage 

V C c = MAX, V| = 5.5 V 

1 

mA 

l|H High-level input current 

V C c = MAX, V| = 2.4 V 

20 

mA 

l||_ Low-level input current 

V C c = MAX, V, = 0.4 V 

-0.8 

mA 

Iqs Short-circuit output current! 

Vcc = MAX 

-9 -28 

mA 

ICC Supply current 

Vcc = MAX, See Note 2 

15 24 

mA 


"I" For conditions shown as MSN or MAX, use the appropriate value specif iad under recommended operating conditions. 
^ All typical values are at Vqq = 5 V, T ^ = 25°C. 

§Not more than one output should be shorted at a time. 

NOTE 2: l cc measured with 4.5 V applied to all inputs and all outputs open. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


parameterU 

FROM (INPUT) 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

tPLH 

Data 

C L = 15 pF, 

R l = 800 Cl, 

See Note 3 

00 

CM 

CO 

ns 

*PHL 

00 

ro 

CO 

tPLH 

Strobe 

26 40 

ns 

tPHL 

ro 

00 

6 

*PLH 

Select 

30 46 

ns 

tPHL 

36 54 



^Itp|_j_j = propagation delay time, low-to-high-level output 
tpi4L — propagation delay time, high-to-low-level output 

NOTE 3: Load circuit and voltage waveforms are-shown on page 3-10. 
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TYPES SN541S157, SN54LS158, SN74LS157, SN74LS1S8 
QUADRUPLE 2-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 


recommended operating conditions 



SN54LS’ 

SN74LS' 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-400 

-400 

mA 

Low-level output current, Iql 

4 

8 

mA 

Operating free-air temperature, T a 

-55 125 

o 

r** 

o 

°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDIT!ONS + 

SN54LS' 

SN74LS' 

UNIT 

MIN TYP* MAX 

MIN TYPt MAX 

V|(-| High-level input voltage 


2 

2 

V 

V||_ Low-level input voltage 


0.7 

0.8 

V 

V|k Input clamp voltage 

Vcc = MIN, 1 1 = — 1 8 mA 

-1.5 

-1.5 

V 

^OH High-level output voltage 

Vcc = MIN, v ih = 2V, 

V||_ = MAX, 'OH = — 400 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

Vcc = MIN, V|H = 2 V, 

V| L = MAX 

Iql = 4 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 8 m A 


0.35 0.5 

Input current 

l| at maximum 

input voltage 

S or G input 

V C C = MAX, Vj = 7 V 

0.2 

0.2 

mA 

A or B input 

0.1 

0.1 

High-level 

•lH 

input current 

S or G input 

Vcc = MAX, V | = 2.7 V 

40 

40 

fA 

A or B input 

20 

20 

Low-level 

1 1 L 

input current 

S or G input 

Vcc 55 MAX, V | = 0.4 V 

-0.8 

-0.8 

mA 

A or B input 

-0.4 

-0.4 

Iqs Short-circuit output current § 

Vcc = MAX 

-20 -100 

-20 -100 

mA 

Iqc Supply current 

Vcc = MAX, See Note 2 

■LSI 57 

9.7 16 

9.7 16 

mA 

'LSI 58 

4.8 8 

4.8 8 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at Vqq = 5V,T a = 25°C, 

§ Not more than one output should be shorted at a time and duration of short-circuit should not exceed one second. 
NOTE 2: is measured with 4.5 V applied to all inputs and all outputs open. 

switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER^! 

FROM 

TEST CONDITIONS 

■LS157 

'LSI 53 

UNIT 

(INPUT) 

MIN TYP 

MAX 

MIN TYP 

MAX 

t PLH 

Data 


9 

14 

7 

12 

ns 

tPHL 

C|_ = 15 pF, 

R L = 2 kn, 

See Note 4 

9 

14 

7 

12 

tPLH 

Strobe 

13 

20 

11 

17 

ns 

tPHL 

14 

21 

12 

18 

tPLH 

Select 

15 

23 

13 

20 

ns 

tPHL 


18 

27 

16 

24 


H tpLH ^propagation delay time, low-to-high-level output 
tpHL = propagation delay time, high-to-low-level output 
N OT E 4: Load circuit and voltage waveforms are shown on page 3-1 1 . 
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TYPES SN54S157, SN54S158. SN74S157, SN74S158 
QUADRUPLE 2-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 


recommended operating conditions 



SN54S157 

SN54S1 58 

SN74S157 

SN74S158 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, IqH 

-1 

-1 

mA 

Low-level output current, Iql 

20 

20 

mA 

Operating free-air temperature, T/\ 

-55 125 

0 70 

“C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54S157 

SN74S157 

SN54S158 

SN74S158 

UNIT 

MIN TYP? MAX 

MIN TYPi MAX 

V | f-j High-level input voltage 


2 

2 

V 

V||_ Low-level input voltage 


0.8 

0.8 

V 

V 1 1/ jnnut rjamn Vo!t2 n S 

V/ = M 1 M 1 , = — 1« rr. A 

* '• - 

—1 .2 

1 O 

V 

Vqu High-level output voltage 

V C c = MIN, Vjh = 2 V, 
V|L = 0.8 V, l OH = -1 mA 

Series 54S 

2.5 3.4 

2.5 3.4 

\/ 

Series 74S 

2.7 3.4 

2.7 3.4 

Vql Low-level output voltage 

V C c = MIN, V|H = 2 V, 

V| L = 0.8 V, l 0L = 20 mA 

0.5 

0.5 

V 

1 1 Input current at maximum input voltage 

V CC = MAX, V| = 5.5 V 

1 

1 

mA 

l|H High-level input current 

S or G input 

V C c = MAX, V| = 2.7 V 

100 

100 

MA 

A or B input 

50 

50 

l|l_ Low-level input current 

S or G input 

Vcc= MAX, V, = 0.5 V 

-4 

-4 

mA 

A or B input 

-2 

-2 

lOS Short-circuit output current! 

Vcc = MAX 

-40 -100 

-40 -100 

mA 

Iqc Supply current 

V C c = MAX, See Note 2 

50 78 

39 61 

mA 


^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

$ All typical values are at Vqc “ 5 V, T a = 25° C, 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 2: Iqc is measured with 4.5 V applied to all inputs and outputs open. 



switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER^! 

FROM 

(INPUT) 

TEST CONDITIONS 

SN54S157 

SN74S157 

SN54S158 

SN74S158 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

tPLH 

Data 

C L = 1 5 pF, 

R L = 280 SI, 

See Note 3 

5 7.5 

4 6 

ns 

tPHL 

4.5 6.5 

4 6 

tPLH 

Strobe 

8.5 12.5 

6.5 11.5 

ns 

tPHL 

7.5 12 

7 12 

tPLH 

Select 

9.5 15 

8 12 

ns 

tPHL 

9.5 15 

8 12 


HtpLH — propagation delay time, low-to-high-level output 
tpH l = propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TTL 

MSI 


4-LINE-T0-16- 


• Open-Collector Outputs for Interfacing with 
MOS or Memory Decoders/Drivers 

• Decodes 4 Binary-Coded Inputs into One of 
16 Mutually Exclusive Outputs 

• Performs the Demultiplexing Function by 
Distributing Data from One Input Line to 
Any One of 16 Outputs 

• Typical Average Propagation Delay Times: 

24 ns through 3 Levels of Logic 
19 ns from Strobe Input 

• Output Off -State Current is Less Than 50 n A 

• Fully Compatible with Most TTL, DTL, and 
MSI Circuits 


TYPES SN54159, SN74159 
LINE DECODERS/DEMULTIPLEXERS 
WITH OPEN-COLLECTOR OUTPUTS 

BULLETIN NO. DL-S 7211800, DECEMBER 1972 


SN54159 . . . J OR W PACKAGE 
SN74159 . . . J OR N PACKAGE 
(TOP VIEW) 


INPUTS OUTPUTS 


1 

1 

■ 

■ 

■ 

■ 

■1 

■ 

■ 

■ 

1 



1 

mm 

1 

1 

ft 

11 

■ 

■ 

■ 

■■ 

■ 

■ 

■1 

1 

1 



OUTPUTS 


positive logic: see function table 


description 



Each of these monolithic, 4-line-to-1 6-line decoders utilizes TTL circuitry to decode four binary-coded inputs into one 
of sixteen mutually exclusive open-collector outputs when both the strobe inputs, G1 and G2, are low. The demulti- 
plexing function is performed by using the 4 input lines to address the output line, passing data from one of the strobe 
inputs with the other strobe input low. When either strobe input is high, all outputs are high. These demultiplexers are 
ideally suited for implementing MOS memory decoding or for interfacing with discrete memory address drivers. For 
ultra-high-speed applications, the SN54S138/SN74S138 or SN54S139/SN74S139 is recommended. 

These circuits are fully compatible for use with most other TTL and DTL circuits. Input clamping diodes are provided 
to minimize transmission-line effects and thereby simplify system design. Input buffers are used to lower the fan-in 
requirement to only one normalized Series 54/74 load. A fan-out to 10 normalized Series 54/74 loads in the low-level 
state is available from each of the sixteen outputs. Typical power dissipation is 170 mW. 

The SN54159 is characterized for operation over the full military temperature range of — 55°C to 125°C; the SN74159 
is characterized for operation from 0°C to 70 C. 


function table 

Same as SN54154, SN74154. See page 7-172. 

functional block diagram 

Same as SN54154, SN74154. See page 7-172. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqq (see Note 1 ) 7 V 

Input voltage 5.5 V 

Off-state output voltage 5.5 V 

Operating free-air temperature range: SN541 59 Circuits — 55°Cto125°C 

SN741 59 Circuits 0°C to 70°C 

Storage temperature range -65°Cto150°C 


NOTE 1 : Voltage values are with respect to network ground terminal 


7-188 
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TYPES SN54159, SN74159 
4-LINE-T0-16-LINE DECODERS/DEMULTIPLEXERS 
WITH OPEN-COLLECTOR OUTPUTS 


recommended operating conditions 



SIM 541 59 

SN74159 j 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc 

4.5 5 5.5 

4.75 5 5.25 

V 

Low-level output current, Iol 

16 

16 

mA 

Operating free-air temperature, T /\ 

55 125 

o 

r- 

o 

°C 


electrical characteristics over recommended operating free-air temperature range {unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1 ’ 

MIN TYPt MAX 

UNIT 

V|H High-level input voltage 


2 

V 

V||_ Low-level input voltage 


0.8 

V 

V | «; Input clamp voltage 

Vcc = MIN, l| = — 12 mA 

-1.5 

V 

'OH High-level output current 

V C C = MIN, V|h = 2 V, 

V, L = 0.8 V, V 0H = 5.5 V 

50 

mA 

Vql Low-level output voltage 

V C C=MIN, V|h = 2 V, 

V|L = 0.8 V, l 0 L = 16mA 

0.4 

V 

![ Input current at maximum input voltage 

V CC = V | - 5.5 V 

i 

mA 

l|H High-level input current 

Vcc = MAX, V| = 2.4 V 

40 

ma”1 

l|L Low-level input current 

V C C = MAX, V| = 0.4 V 

-1.6 

mA 

Ice Supply current 

Vcc = MAX, All inputs grounded 

34 56 

mA 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
$AII typical values are at Vqq = 5 V, = 25°C. 


switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Propagation delay time, low-to-high-leve! output, 

tpi U 

from A, B, C, or D inputs through 3 levels of logic 

C(_ =15 pF, R L = 400n, See Note 2 

23 36 

ns 

Propagation delay time, high-to-low-level output, 

X ^ H *- from A, B, C, or D inputs through 3 levels of logic 

24 36 

ns 

Propagation delay time, low-to-high-level output, 

tpLH 

from either strobe input 

15 25 

ns 

Propagation delay time, high-to-low-level output, 

tPHL 

from either strobe input 

22 36 

ns 


NOTE 2: See load circuit and waveforms shown on page 3-10. 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


TYPICAL OF ALL OUTPUTS 




<4 kn NOM 



u 


^ OUTPUT 

-dT 
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TYPES SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A, 
SN54S162, SN54S163, SN74160 THRU SN74163, 
SN74LS160A THRU SN74LS163A, SN74S162, SN74S163 
SYNCHRONOUS 4-BIT COUNTERS 

BULLETIN NO. DL-S 7611385, OCTOBER 1976 

'160, '161/LS160A, 'LS161A . . . SYNCHRONOUS COUNTERS WITH DIRECT CLEAR 
'162, '163, 'LS162A, 'LS163A, 'S162, 'S163 . . . FULLY SYNCHRONOUS COUNTERS 

SERIES 54', SALS', 54S" . . . J OR W PACKAGE 


Internal Look-Ahead for Fast Counting 
Carry Output for n-Bit Cascading 
Synchronous Counting 
Synchronously Programmable 
Load Control Line 
Diode-Clamped Inputs 


TYPICAL PROPAGATION 
TYPE TIME, CLOCK TO 

Q OUTPUT 


'160 thru ‘163 
'LSI 60A thru 'LS163A 
"SI 62 and 'S163 


14 ns 
14 ns 
9 ns 


TYPICAL 

MAXIMUM 

CLOCK 

FREQUENCY 

32 MHz 
32 MHz 
70 MHz 


TYPICAL 

POWER 

DISSIPATION 

305 mW 
93 mW 
475 mW 


description 


SERIES 74', 74LS’, 74S' . . . J OR N PACKAGE 
(TOP VIEW) 

RIPPLE 


OUTPUTS 


Qc 





X 

T 

_L 

X 

X 

X 



—a 

RIPPLE Q A 

CARRY 

OUTPUT 

CLEAR 

°B 

°c 

Q D ENABLE 

LOAD 

J 



CK 

A 

B 

c 

ENABLE 
D P 





T 

X 

X 

X 

X 


TU 

~| 2 [ 


Ul 

m 

0 

UJ 

TU 

r 


CLEAR CLOCK A 


D , ENABLE GND 


DATA INPUTS 


logic: see description 


These synchronous, presettable counters feature an internal carry look-ahead for application in high-speed counting 
designs. The '160, '162, 'LS160A, 'LS162A, and 'S162 are decade counters and the '161, '163, 'LS161 A, 'LS163A, and 
'SI 63 are 4-bit binary counters. Synchronous operation is provided by having all flip-flops clocked simultaneously so 
that the outputs change coincident with each other when so instructed by the count-enable inputs and internal gating. 
This mode of operation eliminates the output counting spikes that are normally associated with asynchronous (ripple 
clock) counters. A buffered clock input triggers the four flip-flops on the rising (positive-going) edge of the clock input 
waveform. 



These counters are fully programmable; that is, the outputs may be preset to either level. As presetting is synchronous, 
setting up a low level at the load input disables the counter and causes the outputs to agree with the setup data after 
the next clock pulse regardless of the levels of the enable inputs. Low-to-high transitions at the load input of the '160 
thru '163 or 'S163A or 'S162 should be avoided when the clock is low if the enable inputs are high at or before the 
transistion. This restriction is not applicable to the 'LS160A thru 'LS163A. The clear function for the '160, '161, 
'LS160A, and 'LS161A is asynchronous and a low level at the clear input sets all four of the flip-flop outputs low 
regardless of the levels of clock, load, or enable inputs. The clear function for the '162, '163, 'LS162A, 'LS163A, 'S162, 
and 'SI 63 is synchronous and a low level at the clear input sets all four of the flip-flop outputs low after the next clock 
pulse, regardless of the levels of the enable inputs. This synchronous clear allows the count length to be modified easily 
as decoding the maximum count desired can be accomplished with one external NANO gate. The gate output is 
connected to the clear input to synchronously clear the counter to 0000 (LLLL). Low-to-high transitions at the clear 
input of the '162 and '163 should be avoided when the clock is low if the enable and load inputs are high at or before 
the transition. 

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional 
gating. Instrumental in accomplishing this function are two count-enable inputs and a ripple carry output. Both 
count-enable inputs (P and T) must be high to count, and input T is fed forward to enable the ripple carry output. The 
ripple carry output thus enabled will produce a high-level output pulse with a duration approximately equal to the 
high-level portion of the Q/\ output. This high-level overflow ripple carry pulse can be used to enable successive 
cascaded stages. High-to-low-level transitions at the enable P or T inputs of the '160 thru '163 should occur only when 
the clock input is high. Transitions at the enable P or T inputs of the 'LS160A thru 'LS163A or 'SI 62 and 'SI 63 are 
allowed regardless of the level of the clock input. 

'LS16QA thru 'LS163A, 'S162 and 'S163 feature a fully independent clock circuit. Changes at control inputs (enable 
P or T, or clear) that will modify the operating mode have no effect until clocking occurs. The function of the 
counter (whether enabled, disabled, loading, or counting) will be dictated solely by the conditions meeting the stable 
setup and hold times. 

The 'LS160A thru 'LS163A are completely new designs. Compared to the original 'LS160 thru 'LS163, they feature 
0-nanosecond minimum hold time and reduced input currents l(H and l|i_. 
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Texas Instruments 


SN54160, SN74160 SYNCHRONOUS DECADE COUNTERS 

SN54162, SN74162 synchronous decade counters are similar; 
however the clear is synchronous as shown for the SN54163, 
SN741 63 binary counters at right. 



RIPPLE 

CARRY 

OUTPUT 


SN54163, SN74163 SYNCHRONOUS BINARY COUNTERS 

SN54161, SN74161 synchronous binary counters are similar; 
however, the clear is asynchronous as shown for the SN54160, 
SN741 60 decade counters at left. f 




TYPES SN54160 THRU SN54163, SN74160 THRU SN74163 

SYNCHRONOUS 4-BIT COUNTERS 


to 

hO 


3 <5' 2 3* 
< X) *o 

Ini'S 

ills 

s. „ r* d 


l°c< 

1 S 3 !. 


■o 2 f 
i s o 


TJ I— 4 

° « 

0 

1 > 

s _Cfi 

0 z — 

s 8z 

s tW 

j lx 

£ nC 

:°2 

? n 

01 z 

S H 
B Cfl 


SN54LS160A, SN74LS160A SYNC M "''' ,l 'Ous 
DECADE COUNTERS 

SN54LS162A, SN74LS162A synchronous decade 
counters are similar; however the clear is synchronous 
as shown for the SN54LS163A, SN74LS1 63A binary 
counters at right. 



SN54LS163A, SN74LS163A SYNCHRONOUS 
BINARY COUNTERS 

SN54LS161 A, SN74LS161A synchronous binary 
rnnnterc are similar: however, the clear is 



DO O 
=1 > 
n z! 
= 30 


m <2 
30 Z 
CO cji 
4* 
r“ 
CO 

C> 

CO 

> 

CO 


-P» 

r— 

CO 

a> 

o 

> 

-I 

X 

33 

CO 

Z 

-4 

4> 

r- 

CO 

O) 

CO 

> 











TYPES SNS4160. SN5416Z, SN54LS160A. SN54LS162A, SN54S162, 
SN74160, SN74162, SN74LS160A, SN74LS162A, SN74S162 
SYNCHRONOUS 4-BIT COUNTERS 


'160, '162, 'LS160A, 'LS162A, 'S162 DECADE COUNTERS 
typical clear, preset, count, and inhibit sequences 

Illustrated below is the following sequence: 

1 . Clear outputs to zero ('160 and 'LS160A are asynchronous; ,'162, 'LSl62A,and 'S162 are synchronous) 

2. Preset to BCD seven 

3. Count to eight, nine, zero, one, two, and three 

4. Inhibit 


CLEAR 


DATA 
INPUTS ' 


LOAD 

' ‘-I 

* _r 

c_r 


OUTPUTS <r 


CLOCK 

ENABLE P 

ENABLE T 

^Qa 
Qb 
Qc' 


i_r 


z 




i i 


H 


Qd 

RIPPLE-CARRY 

OUTPUT 


j L_r 


i i 


ASYNC 

CLEAR 


I I t 

SYNC PRESET 
CLEAR 


9 0 1 

COUNT- 


-INHIBIT- 


1076 

194 Texas Instruments 

INCORPORATED 


POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 




TYPES SN54161, SN54163, SN54LS161A, SN54LS163A, SN54S163, 
SN74161, SN74163, SN74LS161A, SN74LS163A, SN74S163 

SYNCHRONOUS 4-BIT COUNTERS 


'161, 'LS161A, '163, 'LS163A, 'S163 BINARY COUNTERS 
typical clear, preset, count, and inhibit sequences 

Illustrated below is the following sequence: 

1 . Clear outputs to zero ('161 and 'LS161 A are asynchronous; '163, 'LS163A, and 'S163 are synchronous) 

2. Preset to binary twelve 

3. Count to thirteen, fourteen fifteen, zero, one, and two 

4. Inhibit 


CLEAR 

LOAD 


i r 


DATA 

INPUTS 


< 


_r 


°_r 

CLOCK 


ENABLE P 






T 


Unj^n^^j^ojijnLJijn^r-Ln. 


OUTPUTS 


ENABLE T 

Qa 
Qb 
Qc 
Qd 

RIPPLE-CARRY 

OUTPUT 


I [12 13 

I I b 

SYNC PRESET 
CLEAR 


14 15 0 

COUNT- 


-INHIBIT- 



ASYNC 

CLEAR 
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TYPES SN 54160 THRU SN54163, SN74160 THRU SN74163 
SYNCHRONOUS 4-BIT COUNTERS 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 



Clear, Enable P: R eq = 4 kQ NOM 
A, B, C, D: R eq = 6kfiNOM 


TYPICAL OF ALL OUTPUTS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vcc ( see Note 1) 7 V 

Input voltage 5.5 V 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54' Circuits — 55°Cto125°C 

SN74' Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 


NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For these circuits, this rating applies between the count 
enable inputs P and T. 


recommended operating conditions 



SN 54160, SN 54161 

SN 54162, SN 54163 

SN74160, SN74161 

SN74162, SN74163 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqq 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-800 

-800 

mA 

Low-level output current, Iol 

16 _ 

16 

mA 

Clock frequency, f c lock 

to 

CM 

o 

0 25 

MHz 

Width of clock pulse, t w ( c | oc |<) 

25 

25 

ns 

Width of clear pulse, t w ( c | ear ) 

20 

20 

ns 

Setup time, t su (see Figures 1 and 2) 

Data inputs A, B, C, D 

20 

20 

ns 

Enable P 

20 

20 

Load 

25 

25 

Clear 0 

20 

20 

Hold time at any input, t^ 

0 

0 

ns 

Operating free-air temperature, T ^ 

-55 125 

0 70 

°c 


°This applies only for ’162 and ’163, which have synchronous clear inputs. 
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TYPES SN54160 THRU SN54163. SN74160 THRU SN74163 

SYNCHRONOUS 4-BIT COUNTERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 1- 

SN 54160, SN 54161 

SN54162, SN54163 

SN74160, SN74161 

SN74162, SN74163 

UNIT 

MIN TYPJ MAX 

MIN TYP$ MAX 

V|H High-level input voltage 


2 

2 

V 

V|L Low-level input voltage 


0.8 

0.8 

V 

V|« Input clamp voltage 

V CC = MIN, l|=— 12mA 

-1.5 

-1.5 

V 

V(3H High-level output voltage 

Vcc = MIN, V|h=2V, 

V||_ = 0.8V, 1 oh = -800mA 

2.4 3.4 

2.4 3.4 

V 

Vql Low-level output voltage 

V C C = MIN, V|h=2V, 

V|l = 0.8V, l0|_ = 16mA 

0.2 0.4 

0.2 0.4 

V 

l| Input current at maximum input voltage 

Vcc = MAX, V| = 5.5 V 

1 

1 

mA 

High-level 

>IH 

input current 

Clock or enable T 

Vcc = MAX, V, = 2.4 V 

80 

80 

m a 

Other inputs 

40 

40 

| Low-level 

Clock or enable T 

= v. = c\&\i 

-3.2 

-3.2 

mA 

input current 

Other inputs 

-1.6 

-1.6 

IQS Short-circuit output current! 

Vcc = MAX 

—20 -57 

—18 —57 

mA 

ICCH Supply current, all outputs high 

Vcc = MAX, See Note 3 

59 85 

59 94 

mA 

ICCL Supply current, all outputs low 

Vcc = MAX, See Note 4 

63 91 

63 101 

mA 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

-i-Ali typical values are at VqC ~ 5 V, T/^ = 25° C. 

§Not more than one output should be shorted at a time. 

NOTES: 3. IcCH * s measured with the load input high, then again with the load input low, with all other inputs high and all outputs open. 

4. icCL * s measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open. 


switching characteristics, Vcc = 5 V, Tj\ = 25° C 


PARAMETERU 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

^max 




25 

32 


mu 

tPLH 

Clock 

Ripple 



23 

35 


tPHL 

carry 



23 

35 


tPLH 

Clock 

Any 

C L = 15 pF, 


13 

20 


t PHL 

(load input high) 

Q 

RL = 400 17, 


15 

23 


tPLH 

Clock 

Any 

See Figures 1 and 2 


17 

25 

ns 

tPHL 

(load input low) 

Q 

and Notes 5 and 6 


19 

29 

tPLH 

Enable T 

Ripple 



11 

16 

ns 

tPHL 

carry 



11 

16 

tPHL 

Clear 

Any Q 



26 

38 



^Ifmax s Maximum clock frequency 
tpLH = propagation delay time, low-to-high-level output 
tpHL = propagation delay time, high-to-low-level output 
NOTES: 5. Load circuit is shown on page 3-10. 

6. Propagation delay for clearing is measured from the clear input for the '160 and '161 or from the clock input transition for the 
'162 and '163. 
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TYPES SN54LS160A. THRU SN54LS163A, SN74LS160A, THRU SN74LS163A 
SYNCHRONOUS 4-BIT COUNTERS 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


v cc 


INPUT 


Data: = 2.5 k£2NOM 

Enable T, Load: = 10 kf7 NOW 

Clock, Enable P: Rgq = 20 kO NOM 
Clear ('LS160A, 'LS161A): = 20 kO NOM 

Clear ('LS162A, 'LS163A): Req = 10 kO NOM 



TYPICAL OF ALL OUTPUTS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (se® Note 7) 

Input voltage 

Operating free-air temperature range: SN54LS' Circuits 

SN74LS' Circuits 

Storage temperature range 

NOTE 7: Voltage values are with respect to network ground terminal. 


recommended operating conditions 



— 

SN54LS* 

— 

SN74LS' 

UNIT 


MIN NOM MAX 

MIN NOM MAX 

Supply voltage, V^q 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-400 

-400 

mA 

Low-level output current, Iol 

4 

8 

mA 

Clock frequency, f c | 0 ck 

0 25 

0 25 

MHz 

Width of clock pulse, twfclock) 

25 

25 

ns 

Width of clear pulse, t w ( c | ear ) 

20 

20 

ns 

Setup time, (see Figures 1 and 2) 

Data inputs A, B, C, D 

20 

20 

ns 

Enable P or T 

20 

20 

Load 

20 

20 

Clear^ 

20 

20 

Hold time at any input, t^ 

0 

0 

ns 

Operating free-air temperature, 

-55 125 

0 70 

"c 


0 This applies only for ’LS162 and 'LS163, which have synchronous clear inputs. 


. . . . 7 V 
. . . . 7 V 
— 55°C to 125°C 
. 0°C to 70° C 

— 65°C to 150°C 


TENTATIVE DATA 
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in any manner without notice. 
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TYPES SN54LS160A THRU SN54LS163A. SN74LS160A THRU SN74LS163A 

SYNCHRONOUS 4-BIT COUNTERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54LS” 

SN74LS 1 

UNIT 

MIN TYPt MAX 

MIN TYP+ MAX 

V|h High-level input voltage 


2 

2 

V 

V|l Low-level input voltage 


0.7 

0.8 

V 

V|k Input clamp voltage 

V CC =MIN, i| = — 18 mA 

-1.5 

-1.5 

V 

VoH High-level output voltage 

V CC =MIN, V|h = 2V, 

V | l = V | l max, IQH = — ‘ 400 mA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

Vqq — MIN, 

V m = 2V, 

V| L = V | [_ max 

*OL = 4 mA 

0.25 0.4 

0.25 0.4 

V 

Iql = 3 mA 


0.35 0.5 

Input current 
l| at maximum 

input voltage 

Data or enable P 

V CC = MAX, V| = 7 V 

0.1 

0.1 

mA 

Load, clock, or enable T 

0.2 

0.2 

Clear ('LS160A, 'LS161 A) 

0.1 

0.1 

Clear ('LSI 62 A, 'LS163A1 

0,2 

0.2 

High-level 

1 1 H 

■tipUL cuneni 

Data or enable P 

Vcc = MAX, V| = 2.7 V 

20 

20 

uA 

Load, clock, or enable T 

40 

40 

Clear ('LS16GA, 'LSI 61 A} 

20 

20 

Clear('LS162A, 'LS163A) 

40 

40 

Low-level 

l|L 

input current 

Data or enable P 

V C c = MAX, V| = 0.4 V 

-0.4 

-0.4 

mA 

Load, clock, or enable T 

-0.8 

-0.8 

Clear (’LS160A, 'LSI 61 A) 

-0.4 

-0.4 

Clear('LS162A, 'LS163A) 

-0.8 

-0.8 

IqS Short-circuit output current? 

V C C = MAX 

-20 -100 

-20 -100 

mA 

ICCH Supply current, all outputs high 

Vcc = MAX, See Note 3 

18 31 

18 31 

mA 

ICCL Supply current, all outputs low 

Vcc = MAX, See Note 4 

19 32 



19 32 

mA 


"*"For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

*Ali typical values are at Vqq = 5 V, T A = 25°C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTES: 3. IcCH * s measured with the load input high, then again with the load input low, with all other inputs high and all outputs open. 

4. IqcL ' s measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs Open. 



switching characteristics, Vcc = 5 V, Ta = 25° C 


PARAMETER H 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

*max 




25 

32 


MHz 

tPLH 

Clock 

Ripple 



20 

35 

ns 

tPHL 

carry 

C|_ = 15 pF, 

R L = 2 k«. 

See Figures 

1 and 2 and 

Notes 8 and 9 


18 

35 

*PLH 

Clock 

Any 


13 

24 

ns 

tPHL 

(load input high) 

Q 


18 

27 

tPLH 

Clock 

Any 


13 

24 

ns 

tpHL 

(load input low! 

Q 


18 

27 

tPLH 

Enable T 

Ripple 


9 

14 

ns 

tPHL 

carry 



9 

14 

tPHL 

Clear 

Any Q 



20 

28 

ns 


Hf m ax = Maximum clock frequency 
tpLH = propagation delay time, low-to-high-level output. 
tpHL 3 propagation delay time, high-to-louv-level output. 

NOTES: 8. Load circuit is shown on page 3-1 1. 

9. Propagation delay for clearing is measured from the clear input for the 'LS160A and 'LS161 A or from the clock transition 
for the 'LS162A and 'LS163A. 
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TYPES SN54S162. SN54S163, SN74S162. SN74S163 
SYNCHRONOUS 4-BIT COUNTERS 


schematics of inputs and outputs 

S EQUIVALENT OF EACH INPUT 



Enable P or T inputs: Rgq = 1.4 k£2 NOM 
Other inputs: Rgq = 2.8 NOM 


TYPICAL OF ALL OUTPUTS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 7V 

Input voltage 5.5 V 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54S162, SN54S163 (see Note 10) — 55°Cto125°C 

SN74S162, SN74S163 0°C to 70°C 

Storage temperature range —65 C to 150 C 

recommended operating conditions 



SN54S162, SN54S163 

SN74S162, SN74S163 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vf;c 

4.5 5 5.5 

4.75 5 5.25 

V 

High-level output current, Ioh 

-1 

-1 

mA 

Low-level output current, Iol 

20 

20 

mA 

Clock frequency, f^ock ' 

0 40 

° 

L° 

MHz 

Width of clock pulse, t w ( c | oc ( < ) (high or low) 

10 

10 

ns 

Width of clear pulse, t w ( c | ear ) 

10 

10 

ns 

Setup time, t su (see Figure 4) 

Data inputs, A, B, C, D 

4 

4 

ns 

Enable P or T 

12 

12 

Load 

14 

14 

Clear 

14 

14 

Load inactive-state 

12 

12 

Clear inactive-state 

12 

12 

Release time, t re | ease (see Figure 4) 

Enable P or T 

4 

4 

ns 

Hold time, tf, (see Figure 4) 

Data inputs A, B, C, D 

3 

3 

ns 

Load 

0 

0 

Clear 

0 

0 

Operating free-air temperature, T^ (see Note 10) 

-55 125 

O 

(■"- 

o 

°c 


NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For these circuits, this rating applies between the count 
enable inputs P and T. 

10. An SN54S162 or SN54S163 in the W package operating at free-air temperatures above 91°C requires a heat sink that provides a 
thermal resistance from case to free-air, Rtfc/V not more than 26°C/W. 
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TYPES SN54S162, SN54S163, SN74S162. SN74S163 
SYNCHRONOUS 4-BIT COUNTERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS* 

SN54S162 

SN54S163 

SN74S162 

SN74S163 

UNIT 

MIN TYPt MAX 

MIN TYPt MAX 

V|h High-level input voltage 


2 

2 

V 

V 1 1 _ Low-level input voltage 


0.8 

0.8 

V 

V|k Input clamp voltage 

V CC = MIN, l| = — 18 mA 

-1.2 

-1.2 

V 

VoH High-level output voltage 

V CC = MIN, V|h = 2V, 
Vu_ = 0.8V, lOH = — 1 mA 

2.5 3.4 

2.7 3.4 

V 

Vql Low-level output voltage 

V CC =WIIN, V|h = 2V, 
V|(_ = 0.8 V, l 0 |_ = 20 mA 

0.5 

0.5 

V 

l| Input current at maximum input voltage 

V CC = MAX, V | = 5.5 V 

1 

1 

mA 

l|H High-level input current 

Enable T 

Vcc = MAX, v l = 2.7 V 

100 

100 

mA 

Other inputs 

50 

50 

l|L Low-level input current 

Enable T 

V CC = MAX, V| = 0.5 V 

-4 

-4 

mA 

Other inputs 

-2 

-2 

lOS Short-circuit output current § 

Vcc = MAX 

-40 -100 

-40 -100 

mA 

1 QQ Supply current 

Vqq = MAX 

95 160 

95 ISO 

mA 


*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

A! I typical values are at V QC = 5 V, = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


switching characteristics, VeC = 5 V, Ta = 25° C 


PARAMETER^ 

FROM 

(INPUT) 

TO 

(OUTPUT) 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

fmax 



C L = 15 pF, 

R[_ = 280 17, 

See Figures 1, 3, and 4 and 

Note 5 

40 70 

MHz 

*PLH 

Clock 

Rippie 

carry 

14 25 

ns 

tPHL 

17 25 

tPLH 

Clock 

Any Q 

8 15 

ns 

tPHL 

10 15 

tPLH 

Enable T 

Ripple 

carry 

10 15 

ns 

tPHL 

10 15 


^fmax =maximum clock frequency 
tpLH = propagation delay time, low-to-high-level output 
tp|_| l = propagation delay time, high-to-low-level output 
NOTE 5: Load circuit is shown on page 3-10. 
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TYPES SN54160 THRU SN54163, SN54LS160A.THRU SN54LS163A 
SN54S162. SN54S163, SN74160 THRU SN74163, 

SN74LS160A THRU SN74LS163A, SN74S162, SN74S163 
SYNCHRONOUS 4-BIT COUNTERS 


PARAMETER MEASUREMENT INFORMATION 


^♦■twlclock) -*l 



VOLTAGE WAVEFORMS 


NOTES: A. The input pulses are supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle <S 50%, Z out 50 h; 

for '160 thru '163, t r < 10 ns, tf < 10 ns; for 'LS160A thru ' LSI 63 A t r < 15 ns, tf < 6 ns; and for 'SI 62, ’SI 63, t r < 2.5 ns, 
tf < 2.5 ns. Vary PRR to measure f max . 

B. Outputs Qq and carry are tested at t n+ io for '160, '162, 'LS160A, 'LS162A j and 'SI 62, and at t n+ -jg for '161, '163,'LS161A 
'LSI 63 A, and 'SI 63, where t n is the bit time when all outputs are low. 

C. For '160 thru '163, 'SI 62, and 'SI 63, V re f = 1.5 V; for 'LS160A thru 'LS163A, V ref = 1.3 V. 

FIGURE 1-SWITCHING TIMES 
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TYPES SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A. 

SN74160 THRU SN74163, SN74LS160A THRU SN74LS163A 

SYNCHRONOUS 4-BIT COUNTERS 



NOTES: A. The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Z out ~ 50 12; 
for '160 thru '163, t r < 10 ns, tf < 10 ns; and for 'LSI 60A thru 'LSI 63A, t r < 1 5 ns, tf < 6 ns. 

B. Enable P and enable T setup times are measured at t n+ g. 

C. For '160 thru '163, V ref = 1.5 V; for 'LSI 60A thru 'LS163A, V ref = 1.3 V. 


FIGURE 2-SWITCHING TIMES 
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TYPES SN54S162, SN54S163, SN74S162, SN74S163 
SYNCHRONOUS 4-BIT COUNTERS 


PARAMETER MEASUREMENT INFORMATION 


ENABLE T 
INPUT 


CARRY 

OUTPUT 



NOTES: A. The input pulse is supplied by a generator having the following characteristics: t r < 2.5 ns, tf < 2.5 ns, PRR < 1 MHz, duty 
cycle < 50%, Z out *= 50 52. 
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• CC Supply current 


V CC = MAX, See Note 2 


Condition A 


7 12 


7 12 


mA 


Condition B 


8.5 14 


8.5 14 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at Vqq = 5 V, T^ = 25 C. 

§Not more than one output should be shorted at a time, and duration for the. short-circuit should exceed one second. 

NOTE 2: \qq is measured with the outputs open under the following conditions: 

A. All inputs grounded. 

B. Output control at 4.5 V, all inputs grounded. 

switching characteristics. Vcc = 5 V r Ta = 25°C 



PARAMETERS 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


Data 


Y 


Ci_=15pF, R L = 2kn, 
See Note 3 


17 25 


ns 


tPHL 


13 20 


tPLH 


Select 


Y 


30 45 


ns 


tPHL 


21 32 


*ZH 


Output 
Control 


Y 


15 28 


ns 


tZL 


15 23 


tHZ 


Output 
Control 


Y 


1 . = 5pF, R|_ = 2kn, 
See Note 3 


27 41 


ns 


tLZ 


18 27 



tpLH — Propagation delay time, low-to-high-level output 



tpHL — Propagation delay time, high-to-low-level output 
t ZH — Output enable time to high level 
t^L = Output enable time to low level 
t HZ — Output disable time from high level 
tLZ — Output disable time from low level 
NOTE 3: Load circuit and waveforms are shown on page 3-11. 
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DUAL 4-LINE -T0-1-LINE DATA SELECTORS/ 

MULTIPLEXERS WITH 3-STATE OUTPUTS 



REVISED OCTOBER 1976 



schematic (each selector/multiplexer, and the common select section) 




V 



W ■ ■ - V cc bus 
Resistor values shown are nominal and in ohms. 
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TYPES SN54LS257A, SN54LS258A, SN54S257, SN54S258, 

SN74LS257A, SN74LS258A, SN74S257. SN74S258 

QUADRUPLE 2-LINE-TO-RINE DATA SELECTORS/MULTIPLEXERS 



BULLETIN NO. DL-S 7611734, OCTOBER 1976 



Three-State Outputs Interface Directly 
with System Bus 

'LS257A and 'LS258A Offer Three 
Times the Sink-Current Capability 
of the Original 'LS257 and 'LS258 

Same Pin Assignments as SN54LS157, 
SN74LS157, SN54S157, SN74S157, and 
SN54LS158, SN74LS158, SN54S158, 
SN74S158 

Provides Bus Interface from Multiple 
Sources in High-Performance Systems 



AVERAGE PROPAGATION 


TYPICAL 




DELAY FROM 


POWER 




DATA INPUT 


DISSIPATION 


'LS257A 


12 ns 


60 mW 


'LS258A 


12 ns 


60 mW 


"S257 


4.8 ns 


320 mW 


'S258 


4 ns 


280 mW 


°Off state (v 


uorst case) 




description 







These Schottky-clamped high-performance multi- 
plexers feature three-state outputs that can interface 
directly with and drive data lines of bus-organized 
systems. With all but one of the common outputs 
disabled (at a high-impedance state) the low impe- 
dance of the single enabled output will drive the bus 
line to a high or low logic level. To minimize the 
possibility that two outputs will attempt to take a 
common bus to opposite logic levels, the output- 
epable circuitry is designed such that the output 
disable times are shorter than the output enable 
times. 

This three-state output feature means that n-bit 
(paralleled) data selectors with up to 258 sources can 
be implemented for data buses. It also permits the use 
of standard TTL registers for data retention 
throughout the system. 

Series 54 LS and 54S are characterized for operation 
over the full military temperature range of —55 C to 
125°C; Series 74 LS and 74S are characterized for 
operation from 0°C to 70 C. 



SN54LS257A, SN54S257 ... J OR W PACKAGE 

SN74LS257A, SN74S257 ... J OR N PACKAGE 

(TOP VIEW) 



INPUTS INPUTS 

OUTPUT __A__^ OUTPUT,— A—^ OUTPUT 
VCCCONTROL4A 4B 4Y 3A 3B 3Y 
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15 


14 


13 


12 


11 


10 


S 








5- 




















G 4A 4B 4Y 3A 3B 

S 3Y 

1A 1B 1Y 2A 2B 2Y 




























2 


3 


4 


5 


6 




, 


J 







SELECT ,1A IB, 1Y ^2A 

V OUTPUT V 

INPUTS INPUTS 



2B, 2Y GND 
OUTPUT 



positive logic: see function table 



SN54LS258A, SN54S258 ... J OR W PACKAGE 

SN74LS258A, SN74S258 ... J OR N PACKAGE 

(TOP VIEW) 



INPUTS INPUTS 

OUTPUT / __A_^OUTPUT / — A— ^ OUTPUT 
VCCCONTROL4A 4B 4Y 3A 3B 3Y 
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12 


11 
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3- 


















G 4A 4B 4Y 3A 3B 

S 3Y 

1A 1B 1Y 2A 2B 2Y 


y- 
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9 
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2 
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i 


\ 


5 




B 




» 


l 


1 





SELECT t 1A IB, 1Y ,2A 2B 

V OUTPUT v 

INPUTS INPUTS 



, 2Y GND 
OUTPUT 



positive logic: see function table 



FUNCTION TABLE 



INPUTS 


OUTPUT Y 


OUTPUT 
CONTROL 


SELECT 


A B 


'LS257A 
'S257 


'LS258A 
"S258 


H 

L 
L 
L 
L 


X 

L 
L 
H 
H 


X X 
L X 
H X 
X L 
X H 


Z 
L 
H 
L 
H 


Z 
H 
L 
H 
L 



H = high level, L = low level, X = irrelevant, Z = high impedance (off) 
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TYPES SN54LS257A, SN54LS258A, SN54S257. SN54S258, 

SN74LS257A, SN74LS258A, SN74S257, SN74S258 

QUADRUPLE 2-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 



functional block diagrams 

'LS257A, 'S257 



^H> 



{>H> 1 



'LS258A, 'S258 



L ^t> 




[>H> i 



schematics of inputs and outputs 



'LS257A, 'LS258A 



EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 



Select: R eq = 9.5 kf2 NOM 
All other inputs: R M = 19kHNOM 





Select: Rj, = 1 .4 kfi NOM 
All other inputs: R eq = 2.8 kf2 NOM 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc ( see Note 1 ) 7 V 

Input voltage: 'LS257 A, 'LS258A Circuits 7 V 

'S257, 'S258 Circuits 5.5 V 

Off-state output voltage 5.5 V 

Operating free-air temperature range: SN54LS', SN54S' Circuits — 55°Cto125°C 

SN74LS', SN74S' Circuits 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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TYPES SN54LS257A, SN54LS258A, SN74LS257A, SN74LS258A 
QUADRUPLE 2-LINE-TO-RINE DATA SELECTORS/MULTIPLEXERS 



recommended operating conditions 



Supply voltage, Vcc 



High-level output current, Iqh 



Low-level output current, Iql 



Operating free-air temperature, T"a 



MIN NOM MAX 



MIN NOM MAX 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 1 


SN54LS' 


SN74LS' 


UNIT 


MIN TYP* 


MAX 


MIN TYP* 


MAX 


V|H 


High-level input voltage 






2 


2 


V 


V|L 


Low-level input voltage 






0.7 


0.8 


V 


V|K 


Input clamp voltage 




Vcc = MIN, 


1 = -18mA 


-1.5 


-1.5 


V 


V H 


High-level output voltage 




V CC = MIN, 
V|i_ = V|i_ max. 


V| H = 2V, 

OH = MAX 


2.4 3.4 


2.4 3.1 


V 


vol 


Low-level output voltage 




V cc = MIN, 
V|h-2V. 
V|i_ = V|L max 


Iql=12 mA 


0.25 


0.4 


0.25 


0.4 


V 


'OL = 24mA 




0.35 


0.5 


<OZH 


Off-state output current, 
high-level voltage applied 




VfX = MAX, 
V = 2.4 V 


V,H = 2V, 


20 


20 


MA 


>OZL 


Off-state output current, 
low-level voltage applied 




Vcc = MAX, 
V = 0.4 V 


V|H = 2V, 


-20 


-20 


ma 


Input current at 
maximum input voltage 


S input 


Vcc= MAX, 


V| = 7 V 


0.2 


0.2 


mA 


Any other 


0.1 


0.1 


l|H 


High-level 
input current 


S input 


Vcc = MAX - 


V| = 2.7V 


40 


40 


M A 


Any other 


20 


20 


"iL 


Low-level 
input current 


S input 


Vqc = M AX, 


V| = 0.4V 


-0.8 


-0.8 


mA 


Any other 


-0.4 


-0.4 


'OS 


Short-circuit output current § 




V C c = MAX 


-30 


-130 


-30 


-130 


mA 


'cc 


Supply current 


All outputs high 


Vcc= MAX, 
See Note 2 


'LS257A 


6.2 


10 


6.2 


- 10 


mA 


All outputs low 


10 


16 


10 


16 


All outputs off 


12 


19 


12 


19 


All outputs high 


'LS258A 


4. 


7 


4.5 


7 


All outputs low 


8.8 


14 


8.8 


14 


Aii outputs off 


12 

i 


19 


12 


19 



f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

$AII typical values are at VqO = 5 v . T A = 25 c - 

§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

NOTE 2: l cc is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 

switching characteristics, Vcc = 5 V, Ta = 25° C, R|_ = 667 kfl 



PARAMETER 1 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
CONDITIONS 


'LS257A 


'LS258A 


I 
UNIT 


MIN TYP MAX 


MIN TYP MAX 


tPLH 


Data 


Any 


C L = 45 pF, 
See Note 3 


12 18 


12 18 


ns 


tPHL 


12 18 


12 18 


tPLH 


Select 


Any 


14 21 


14 21 


ns 


tPHL 


14 21 


14 21 


tPZH 


Output 
Control 


Any 


20 30 


20 30 


ns 


20 30 


20 30 


tPZL 


tPHZ 


OutDUt 

Control 


Any 


C L = 5pF, 
See Note 3 


18 30 


18 30 


ns 


tPLZ 


16 25 


16 25 



1Itp L (-| s propagation delay time, low-to-high-level output 
tPHL = propagation delay time, high-to-low-level output 
tpzH = output enable time to high level 

NOTE 3: Load circuit and waveforms are shown on page 3-1 1. 



tp^L = output enable time to low level 
tPHZ = output disable time from high level 
tpi v ^ output disable time from low level 



DESIGN GOAL 

This page provides tentative information on a 
J.JI/L product in the developmental stage. Texas 

Instruments reserves the right to change or dis- 
continue this product without notice. 
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TYPES SN54S257. SN54S258, SN74S257, SN74S258 
QUADRUPLE 2-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 



recommended operating conditions 




SN54S257, SN54S258 


SN74S257,SN74S258 


- UNIT 


MIN NOM 


MAX 


MIN 


NOM 


MAX 


Supply voltage, Vcc 


4.5 5 


5.5 


4.75 


5 


5.25 


V 


High-level output current, Iqh 


-2 


-6.5 


mA 


Low-level output current, Iql 


20 


20 


mA 


Operating free-air temperature, T^ 


-55 


125 







70 


°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS* 


SN54S257, SN74S257 


SN54S258, SN74S258 


UNIT 


MIN TYP* 


MAX 


MIN 


TYP* 


MAX 


V|(-| High-level input voltage 




2 


2 


V 


V|l Low^level input voltage 




0.8 


0.8 


V 


V j £ ! nput clamp voltage 


Vcc = MIN, 


ij =-18mA 


—1.2 


-1.2 


V 


V<DH H '9h _,evel output voltage 


V cc = MINI, 
V| L =0.8V, 


V| H = 2V, 

l H = MAX 


SN54S' 


2.4 3.4 


2.4 


3.4 




V 


SN74S' 


2.4 3.2 


2.4 


3.2 




Vol Low-level output voltage 


V CC = MIN, 
Vj[_ = 0.8 V, 


V, H = 2V, 
!OL = 20mA 


0.5 


0.5 


V 


Off-state output current, 
high-level voltage applied 


V cc = MAX, 
V = 2.4 V 


V m = 2V, 


50 


50 


ma 


Off-state output current, 

'OZL 

low-level voltage applied 


Vcc = MAX ' 
V Q = 0.5 V 


V| H = 2V, 


-50 


-50 


ma 


Input current at maximum 
input voltage 


V C C= MAX, 


V| = 5.5V 


1 


1 


mA 


High-level 

■iH 

input current 


S input 


Vcc = max. 


V| = 2.7 V 


100 


100 


pA 


Any other 


50 


50 


Low-leye! 

'IL ■ ♦ 

input current 


S input 


V C c = MAX . 


V| = 0.5V 


-4 


-4 


mA 


Any other 


-2 


-2 


' OS Short-ci rcu it output cu rrent § 


Vcc = MAX 


-40 


-100 


-40 




-100 


mA 


'CC Supply current 


All outputs high 


Vcc = MAX, 


See Note 2 


44 


68 




36 


56 


mA 


All outputs low 


60 


93 




52 


81 


All outputs off 






64 


99 




56 


87 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AII typical values are at Vcc = 5 v < T A = 25°C. 

SNot more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
NOTE 2: Ice ' s measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 



switching charac 


teristics, Vcc = 


5 V, Ta = 25°C 


, R|_ = 280 ft 








PARAMETERU 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST 
CONDITIONS 


SN54S257, SN74S257 


SN54S258, SN74S258 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


tPLH 


Data 


Any 


C L = 15 pF, 
See Note 4 


5 7.5 


4 6 


ns 


tPHL 


4.5 6.5 


4 6 


tPLH 


Select 


Any 


8.5 15 


8 12 


ns 


tPHL 


8.5 15 


7.5 12 


tpZH 


Output 
Control 


Any 


13 19.5 


13 19.5 


ns 


*PZL 


14 21 


14 21 


tPHZ 


Output 
Control 


Any 


Cl= 5pF, 
See Note 4 


5.5 8.5 


5.5 8.5 


ns 


tPLZ 


9 14 


9 14 



'PLH = propagation delay time, low-to-high-level output 
tpHL — propagation delay time, high-to-low-level output 
tpzH — output enable time to high level 
NOTE 4: Load circuit and waveforms are shown on pages 3-10, 



tpz|_ = output enable time to low level 
tpnz — output disable time from high level 
tpLZ — output disable time from low level 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 



7-375 



TTL 
MSI 



TYPES SN54259, SN54LS259, SN74259, SN74LS259(TIM9906) 

8-BIT ADDRESSABLE LATCHES 



BULLETIN NO. DL-S 7612347, OCTOBER 1976 



8-Bit Parallel-Out Storage Register 

Performs Serial-to-Parallel Conversion With 

Storage 

Asynchronous Parallel Clear 

Active High Decoder 

Enable/Disable Input Simplifies Expansion 

Direct Replacement for Fairchild 9334 

Expandable for N-Bit Applications 

Four Distinct Functional Modes 

Typical Propagation Delay Times: 

'259 
Enable-to-Output . . . 
Data-to-Output .... 
Address-to-Output . . 
Clear-to-Output .... 

Fan-Out 

lOL (Sink Current) 

'259 16 mA 

SN54LS259 4 mA 

SN74LS259 8 mA 

'OH (Source Current) 

'259 -0.8 mA 

'LS259 -0.4 mA 

Typical ICC 

'259 60 mA 

'LS259 22 mA 



12 
12 
16 
16 



'LS259 
17 
18 
20 
20 



description 



These 8-bit addressable latches are designed for 
general purpose storage applications in digital sys- 
tems. Specific uses include working registers, serial- 
holding registers, and active-high decoders or demul- 
tiplexers. They are multifunctional devices capable of 
storing single-line data in eight addressable latches, 
and being a 1-of-8 decoder or demultiplexer with 
active-high outputs. 

Four distinct modes of operation are selectable by 
controlling the clear and enable inputs as enumerated 
in the function table. In the addressable-latch mode, 
data at the data-in terminal is written into the 
addressed latch. The addressed latch will follow the 
data input with all unaddressed latches remaining in 
their previous states. In the memory mode, all latches 
remain in their previous states and are unaffected by 
the data or address inputs. To eliminate the possibil- 
ity of entering erroneous data in the latches, the 
enable should be held high (inactive) while the 
address lines are changing. In the 1-of-8 decoding or 
demultiplexing mode, the addressed output will 
follow the level of the D input with all other outputs 
low. In the clear mode, all outputs are low and 
unaffected by the address and data inputs. 



SN54259, SN54LS259 ... J OR W PACKAGE 

SN74259, SN74LS259 ... J OR N PACKAGE 

(TOP VIEW) 



OUTPUTS 





16 


. W . 


14 


. 13 


. 12 . 


11 . 


10 _ 9 












•—i 


<-, 


























. CLEAR G' D 

— A 

— B 

r- C 

0.0 Q1 Q2 Q3 Q4 Q5 Q6 Q7 










1 


1 i ' ' i 












I I 












1 


2 


3 


4 








5 




1 8 





Q1 02 Q3 GND 

OUTPUTS 



logic: see function table 



FUNCTION TABLE 



INPUTS 


OUTPUT OF 

ADDRESSED 

LATCH 


EACH 
OTHER 
OUTPUT 


FUNCTION 


CLEAR 


G 


H 


L 


D 


Qio 


Addressable Latch 


H 


H 


Qjo 


Qio 


Memory 


L 


L 


D 


L 


8-Line Demultiplexer 


L 


H 


L 


L 


Clear 



LATCH SELECTION TABLE 



SELECT INPUTS 


LATCH 
ADDRESSED 


C B A 


L L L 





L L H 


1 


L H L 


2 


L H H 


3 


H L L 


4 


H L H 


5 


H H L 


6 


H H H 


7 



: high level, L ^ low level 
'■■ the level at the data input 

= the level of Qj <i = O, 1 , . . . 7, as appropriate) before the 
cated steady-state input conditions were established. 
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TYPES SN54259, SN54LS259, SN74259, SN74LS259 (TIM9906) 

8-BIT ADDRESSABLE LATCHES 



schematic of inputs and outputs 

'259 



EQUIVALENT OF EACH INPUT 


Vcc f 


>Req 


INPUT __j 




•— — — 


A 


' ! 


l 


m 


Latch select, data in, or clear: R eq = 4 kI2 NOM 


Enable: R c „ = 2.2 kn NOM 



TYPICAL OF ALL OUTPUTS 




vcc 



EQUIVALENT OF EACH INPUT 



vcc 



R eq = 17 kfi NOM 



* 



5f y. 



TYPICAL OF ALL OUTPUTS 




v cc 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) 7 V 

Input voltage: SN54259, SN74259 5.5 V 

SN54LS259, SN74LS259 7 V 

Operating free-air temperature range: SN54259, SN54LS259 -55°Cto125°C 

SN74259, SN74LS259 0°C to 70° C 

Storage temperature range — 65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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TYPES SN54259.SN74259 
8-BIT ADDRESSABLE LATCHES 



recommended operating conditions 







SN54259 


SN74259 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqq 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, Iqh 


-800 


-800 


MA 


Low-level output current, Iol 


16 


16 


mA 


Width of clear or enable pulse, t w 


15 


15 


ns 


Setup time, t su 


Data 


15t 


15t 


ns 


Address 


5t 


5t 


Hold time, t)-, 


Data 


ot 


ot 


ns 


Address 


20t 


20f 


Operating free-air temperature, T^ 


-55 125 


70 


°C 



tThe arrow indicates that the rising edge of the enable pulse is used for reference. 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 7 


SN542S9 


SN74259 


UNIT 


MIN TYPt 


MAX 


MIN TYPt 


MAX 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V|K 


Input clamp voltage 


V C c = MIN, 


l| = 12 mA 


-1.5 


-1.5 


V 


VOH 


High-level output voltage 


V<x = MIN, 
V| L = 0.8 V, 


V| H = 2V, 
Iqh = - 800 MA 


2.4 3.4 


2.4 3.4 


V 


vol 


Low-level output voltage 


V CC = MIN, 
V| L = 0.8 V, 


V| H = 2V, 
>OL = 16 mA 


0.2 


0.4 


0.2 


0.4 


V 


l| Input current at maximum input voltage 


Vcc = MAX < 


V| = 5.5 V 


1 


1 


mA 


l|H 


High-level input 
current 


Enable 


V CC = MAX, 


V| = 2.4 V 


80 


80 


HA 


Other inputs 


40 


40 


hL 


Low-level input 
current 


Enable 


Vcc = MAX ' 


V| = 0.4 V 


-3.2 


-3.2 


mA 


Other inputs 


-1.6 


-1.6 


'OS 


Short-circuit output current§ 


Vcc = MAX 


-18 


-57 


-18 


-57 


mA 


ice 


Supply current 


Vcc = MAX - 


See Note 2 


60 


90 


60 


90 


mA 



tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

i All typical values are at V cc = 5V, T^ = 25° C. 

§ Not more than one output should be shorted at a time. 

NOTE 2: \qq is measured with the inputs grounded and the outputs open. 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPHL 


Clear 


Any Q 


C L = 15pF, 
R L = 400fi, 
See Note 3 


16 


25 


ns 


tPLH 


Data 


Any Q 


14 


24 


ns 


l PHL 


11 


20 


tPLH 


Address 


Any Q 


15 


28 


ns 


tPHL 


17 


28 


tPLH 


Enable 


Any Q 


12 


20 


ns 


tPHL 


11 


20 



tpLH —propagation delay time, low-to-high-level output 
tp|-)L = propagation delay time, high-to-low-level output 
NOTE 3: Load circuit is shown on page 3-10. 
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TYPES SN54LS259, SN74LS259 (TIM9906) 
8-BIT ADDRESSABLE LATCHES 



recommended operating conditions 







SN54LS259 


SN74LS259 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqq 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, Iqh 


-400 


-400 


M 


Low-level output current, Iol 


4 


8 


mA 


Width of clear or enable pulse, t w 


15 


15 


ns 


Setup time, tj U 


Data 


15t 


15t 


ns 


Address 


15t 


15t 


Hold time, tj, 


Data 


Of 


Of 


ns 


Address 


ot 


Ot 


Operating free-air temperature, T/\ 


-55 125 


70 


°C 



tThe arrow indicates that the rising edge of the enable pulse is used for reference. 

eiectriea! characteristics over recommended operating free-air temperature range {unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 1- 


SN54LS259 


SN74LS259 


UNIT 


MIN 


Typ± 


AAA V 


RJIIM TVDt 


MAX 


V|H 


High level input voltage 




2 


2 


V 


V|L 


Low level input voltage 




0.7 


0.8 


V 


V|K 


Input clamp voltage 


V CC = MIN, 


I| = -18mA 


-1.5 


-1.5 


V 


VOH 


High-level output voltage 


V C c = MIN, 
V|L = V|l max. 


V, H = 2V 
'OH = —0A mA 


2.5 


3.4 




2.7 3.4 


V 


vol 


Low-level output voltage 


V CC = MIN, 
V||_ = V||_ max. 


V| H = 2V, 


'OL = 4 mA 




0.25 


0.4 


0.25 


0.4 


V 


Iql = 8 mA 




0.35 


0.5 


Input current at maximum 
l| 

input voltage 


Vcc = MAX , 


V|=7V 


0.1 


0.1 


mA 


l|H 


High-level input current 


V CC = MAX, 


V|=2.7 V 


20 


20 


uA 


IlL 


Low-level input current 


Vcc = MAX . 


V ( = 0.4 V 


-0.4 


-0.4 


mA 


'OS 


Short-circuit output current! 


V cc = MAX 


-20 




-100 


-20 


-100 


mA 


"cc 


Supply current 


Vcc = MAX . 


See Note 2 




22 


36 


22 


36 


mA 



T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAII typical values are at V cc = 5 V, T^ = 25°C. 

S Not more than one output should be shorted at a time, and duration short-circuit should not exceed one second. 
NOTE 2: \qq is measured with the inputs grounded and the outputs open. 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


*PHL 


Clear 


Any Q 


C L = 15 pF, 
R|_ = 2kn, 
See Note 3 


17 27 


ns 


tPLH 


Data 


Any Q 


20 32 


ns 


tPHL 


13 21 


tPLH 


Address 


Any Q 


24 38 


ns 


tPHL 


18 29 


tPLH 


Enable 


Any Q 


22 35 


ns 


tPHL 


15 24 



tp[_H — propagation delay time, low-to-high-level output 
*PHL — propagation delay time, high-to-low-level output 
NOTE 3: Load circuit is shown on page 3-11. 
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TYPES SN54LS261, SN74LS261 
2-BIT-BY-4-BIT PARALLEL BINARY MULTIPLIERS 

BULLETIN NO. DL-S 7612123, MARCH 1974-REVISED OCTOBER 1976 



Fast Multiplication . . . 5-Bit Product in 26 ns Typ 

Power Dissipation ... 110 mW Typical 

Latch Outputs for Synchronous Operation 

Expandable for m-Bit-by-n-Bit Applications 

Fully Compatible with Most TTL and Other 
Saturated Low-Level Logic Families 

Diode-Clamped Inputs Simplify System 
Design 



description 

These low-power Schottky circuits are designed to be 
used in parallel multiplication applications. They 
perform binary multiplication in two's-complement 
form, two bits at a time. 

The M inputs are for the multiplier bits and theB inputs 
are for the multiplicand. The Q outputs represent the 
partial product as a recoded base-4 number. This 
recoding effectively reduces the Wallace-tree 
hardware requirements by a factor of two. 

The outputs represent partial products in one's- 
complement form generated as a result of multiplica- 
tion. A simple rounding scheme using two additional 
gates is needed for each partial product to generate 
two's complement. 

The leading (most-significant) bit of the product is 
inverted for ease in extending the sign to square (left 
justify) the partial-product bits. 

The SN54LS261 is characterized for operation over 
the full military temperature range of -55°C to 
125°C; the SN74LS261 for operation from 0°C to 
70° C. 

schematics of inputs and outputs 



SN54LS261 ... J OR W PACKAGE 

SN74LS261 ... J OR N PACKAGE 

(TOP VIEW) 



VCC B2 B1 BO Ml MO QO 

16 _| 15 |_| 14 |_ 13 _ 12 _] 11 \_ 10 _ 


Q1 

_ 9 _, 
























B2 B1 BO M1 MO QO 

- G Q1 
B3 B4 M2 Q4 Q3 02 




1 

I 




f. 


5 










1 




kittir. 


1 < 


1 « 


) 


5 


7 




B 



positive logic: see description 



FUNCTION TABLE 



INPUTS 


OUTPUTS 


LATCH 

CONTROL 

G 


MULTIPLIER 


Q4 Q3 Q2 Q1 QO 


M2 M1 


MO 


L 


X X 


X 


Q4 Q3o Q2 do Qn 


H 


L L 


L 


H L L L L 


H 


L L 


H 


B4 B4 B3 B2 B1 


H 


L H 


L 


B4 B4 B3 B2 B1 


H 


L H 


H 


B4 B3 B2 B1 BO 


H 


H L 


L 


B4 B3 B2 B1 BO 


H 


H L 


H 


B4 B4 B3 B2 B1 


H 


H H 


i_ 


B4 B4 B3 B2 iB1 


H 


H H 


H 


H L L L L 



H = high level, L = low level, X = irrelevant 

Q4q . . . QOq = The logic level of the same output before the 

high-to-low transition of G. 
B4 . . . BO = The logic level of the indicated multiplicand (B) input. 



EQUIVALENT OF EACH INPUT 



d*- 



G: R eq = 17 kfi NOM 
B or M 2 : R e q = 20 kSl NOM 
MOorMI:R ec[ = lOkflNOM 



TYPICAL OF QO, Q1, Q2, Q3 OUTPUTS 



120 n NOM 




TYPICAL OF Q4 OUTPUT 



v C c- 



#- 
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functional block diagram 

" 3, -l>^H> 
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TYPES SN54LS261, SN74LS261 

2 BIT-BY4-BIT PARALLEL BINARY MULTIPLIERS 



REVISED OCTOBER 1976 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vqc (see Note 1 ) 

Input voltage 

Operating free-air temperature range: SN54LS261 

SN74LS261 



.... 7V 
.... 7V 
-55°Cto 125°C 
. 0°C to 70°C 



Storage temperature range 65 C to 150 C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 



Supply voltage, Vcc 



High-level output current, Iqh 



Low-level output current, Iql 



Width of enable pulse, t w 



Setup time, t su 



Hold time, th 



Any M input 



Any B input 



Any M input 



Any B input 



Operating free-air temperature, T^ 



SN54LS261 



MIN NOM MAX 



4.5 



5.5 



25 



17; 



15; 



o; 



-55 



SN74LS261 



MIN NOM MAX 



4.75 



5.25 



MA 



;The arrow indicates that the falling edge of the enable pulse is used for reference. _ 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


SN54LS261 


SN74LS261 


UNIT 


MIN TYPt 


MAX 


MIN 


TYPt 


MAX 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.7 


0.8 


V 


VlK 


Input clamp voltage 


Vqc = MIN, 


I| = -18mA 




-1.5 


-1.5 


V 


VOH 


High-level output voltage 


Vcc = MIN, 
V|[_= V||_ max. 


V|H = 2V, 

l H =-400juA 




2.5 3.4 


2.7 


3.4 




V 


vol 


Low-level output voltage 


Vrx= MIN - 
V|l = V||_ max 


V| H = 2V, 


'OL = 4 mA 


'0.25 


0.4 




0.25 


0.4 


V 


Iql = 8 mA 






,0.35 


0.5 


Input current at 
maximum input voltage 


V C c= MAX, 


V! = 7 V 


MO or Ml 


0.2 


0.2 


mA 


All others 


0.1 


0.1 


■IH 


High-level input current 


V cc = MAX, 


V| = 2.7V 


MO or Ml 


40 


40 


//A 


All others 


20 


20 


Ml 


Low-level input current 


Vcc = MAX . 


V| = 0.4 V 


MO or Ml 


-0.8 


-0.8 


mA 


All others 


-0.4 


-0.4 


'OS 


Short-circuit output current § 


Vcc = MAX 


-20 


-100 


-20 




-100 


mA 


•cc 


Supply current 


Vcc = MAX, 
Outputs open. 


All inputs at 


V, 


22 


38 




20 


40 


mA 



$AII typical values a,re at Vcc = 5 v . T A ~ 25 c - 

§Not more than one output should be shorted at a time and duration of the output short-circuit should not exceed one second. 

switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER H 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


*PLH 


Enable G 


Any Q 


C L =15pF, 
R[_-2 kn. 
See Note 2 


22 35 


ns 


tPHL 


20 30 


■ ns 


tPLH 


Any M input 


Any Q 


25 40 


ns 




22 35 


ns 


tPLH 


Any B input 


Any Q 


27 42 


ns 


tPHL 


24 37 


ns 



fltpLH = propagation delay time, low-to-high-level output; tp H L - propagation delay time, high-to-low-level output. 
NOTE 2: Load circuit and voltage waveforms are shown on page 3-1 1 ■ 
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TYPICAL APPLICATION DATA 



Multiplication of the numbers 26 (multiplicand) by 29 (multiplier) in decimal, binary, and 2-bit-at-a-time-binary is 
shown here: 



DECIMAL 



26 
29 

234 

52 

754 



BINARY 



Sign 

Bit 

I 
011010 

011101 

011010 

000000 

011010 

011010 

011010 



6 

Partial 

Products 



01011110010, 
Product 



Sign 
Bit 



2-BIT-AT-A-TIME BINARY 

Sign 
Bit 

I 

011010 

(+2) (-1) (+1) 
00000011010 "I 3 

111100110 I Partial 

0110100 [products 



01011110010, 



-v 

Product 



Bit 



Two points should be noted in the two-bit-at-a-time-binary example above. First, in positioning the partial products 
beneath each other for final addition, each partial product is shifted two places to the left of the partial products above 
it instead of one place as is done in regular multiplication. Second, the msb of the partial product (the sign bit) is 
extended to the sign-bit column of the final answer. 

A substantial reduction of multiplication time, cost, and power is obtained by implementing a parallel 
partial-product-generation scheme using a 2-bit-at-a-time algorithm, followed by a Wallace Tree summation. 

Partial-product-generation rules of the algorithm are: 

1. Examine two bits of multiplier M plus the next lower bit. For the first partial product (PP1) the next lower bit is 
zero. 



,15 2 14 <2 13 2 12 2 11 , 2 10 ,2 9 2 8 2 7 , 2 6 ,2 5 2 4 2 3 , 2 2 ,2 1 2° 



PP8 



PP7 



PP6 



PP5 



PP4 



PP3 



PP2 



PP1 
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TYPES SN54LS261, SN74LS261 

2-BIT-BY-4-BIT PARALLEL BINARY MULTIPLIERS 



TYPICAL APPLICATION DATA 

2. Generate partial product (PPi) as shown in the following table: 



MULTIPLIER BITS FROM 
STEP 1 



2 2i-1 



22i-2 



2 2i-3 



OPERATOR 
SYMBOL 




+1 B 
+1 B 
+2B 
-2B 
-1 B 
-1 B 





TO OBTAIN PARTIAL PRODUCT 



Replace multiplicand by zero 

Copy multiplicand 

Copy multiplicand 

Shift multiplicand left one bit 

Shift two's complement of multiplicand left one bit 

Replace multiplicand by two's complement 

Replace multiplicand by two's complement 

Replace multiplicand by zero 



3. Weight the partial products by indexing each two places left relative to the next-less-significant product. 

4. Extend the most-significant bit of the partial product to trie sign-bit place value of the final product. 

EXAMPLE OF ALGORITHM 



M = 29 = 011101 

■ 4 010 

^110 
011 



Operator 
Symbol 

+1 B 
-1B 
+2B 



B = 26 = 01 1010 

00000 011010 

111 100110 

0110100 



The summation of these partial products was shown in the 2-bit-at-a-time binary multiplication example above. 
The 'LS261 generates partial products according to this algorithm with two exceptions: 

1. The one's complement is generated for the cases requiring the two's complement. The two's complement can be 
obtained by adding one to the one's complement; this rounding can be done by using one N AND gate and one AND 
gate as shown in Figure B. 

2. The most-significant bit is complemented to reduce the hardware required to extend the sign bit. This extension can 
be accomplished by adding a hard-wired logic 1 in bit position 2 2i+15 of each partial product and also in bit 
position 2 16 of the first partial product (PP1). 
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20 INPUTS TO WALLACE TREE 

FIGURE A-FIRST PARTIAL PRODUCT, PP1 




19 INPUTS TO WALLACE TREE 

FIGURE B-OTHER PARTIAL PRODUCTS, PPi 



rf 



rf 



I 



•nWh 



il 



W^- 



ROUNDING 6 



-I -1 



7 



FIGURE C-MANIPULATION OF PARTIAL PRODUCTS FOR ENTRY INTO WALLACE TREE 

In general, the 4x2 bit 'LS261 can be expanded for use in 4m x 2n bit multipliers. Partial-product generation uses 
m x n 'LS261s m x n 4- 16 'LSOOs, and m x n 4 16 'LS08s. The size of the Wallace tree and ALU requirements vary 
depending on the size of the problem. The count for the 16 x 16 bit multiplier is: 

32 SN54LS261/SN74LS261 

2 SN54LS00/SN74LS00 

2 SN54LS08/SN74LS08 

56 SN54H183/SN74H183 

7 SN54LS181/SN74LS181 

2 SN54LS182/SN74LS182 
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TYPES SN54LS266, SN74LS266 

QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES 

WITH OPEN-COLLECTOR OUTPUTS 

BULLETIN NO. DL-S 7611843, DECEMBER 1972-REVISED OCTOBER 1976 



Can Be Used as a 4-Bit Digital Comparator 

Input Clamping Diodes Simplify System 
Design 

Fully Compatible with Most TTL and 
DTL Circuits 



FUNCTION TABLE 



INPUTS 


OUTPUT 
Y 


A B 


L L 


H 


L H 


L 


H L 


L 


H H 


H 



H = high level, L = low level 



description 



SN54LS266 ... J OR W PACKAGE 
SN74LS266 ... J OR N PACKAGE 
(TOP VIEW) 



Vcc 4B 4A 4Y 3Y 3B 3 

Jj^L 13 _ 12 _ 11 _ 10 _ 9 _ 1 


\ 




"3 


4 

>i 


> 


K 


< 


a 




1 


: 


l 3 


< 


i ' 


i i 


i 


r 



positive logic: Y = A©B = AB + AB 



The 'LS266 is comprised of four independent 2-input exclusive-NOR gates with open-collector outputs. The open- 
collector outputs permit tying outputs together for multiple-bit comparisons. 



schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 



tf cc ' 

12.5 kfi NOM 



INPUT — ♦ 



.Jjg-i , 



TYPICAL OF ALL OUTPUTS 



v C c 



:k 



&u_J 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vqc ( see Note 1) 

Input voltage 

Operating free-air temperature range: SN54LS266 

SN74LS266 
Storage temperature range 



.... 7V 
.... 7V 
-55°Cto 125°C 
. 0°C to 70°C 
-65°Cto 150°C 



NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 





SN54LS266 


SN74LS266 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vrjc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output voltage, Vqh 


5.5 


5.5 


V 


Low-ievei output current, Iql 


4 


S 


mA 


Operating free-air temperature, T/\ 


-55 125 


70 


°C 


eiectricai characteristics over recommended operating free-air temperature range (uniess otherwise noted) 


PARAMETER 


TEST CONDITIONS* 


SNa4LS256 


SN74LS266 


UNIT 


MIN TYPt MAX 


MIN TYP* MAX 


V|(-| High-level input voltage 




2 


2 


V 


V||_ Low-level input voltage 




0.7 


0.8 


V 


V||< Input clamp voltage 


V C c = MIN, l| = -18mA 


-1.5 


-1.5 


V 


Iqh High-level output current 


Vcc = MIN, V|H = 2V, 
V IL = V IL max ' v OH = 5 - 5 v 


100 


100 


MA 


Vq|_ Low-level output voltage 


V CC = MIN, 
V, H = 2V, 
V||_ = V||_ max 


'OL = 4 mA 


0.25 0.4 


0.25 0.4 


V 


Iql = 8 mA 




0.35 0.5 


1 1 Input current at maximum input voltage 


V C c = MAX, V| = 7 V 


0.2 


0.2 


mA 


1 1 h High-level input current 


Vcc = MAX, V| = 2.7 V 


40 


40 


MA 


l||_ Low-level input current 


V C c = MAX, V| = 0.4V 


-0.8 


-0.8 


mA 


'CC Supply current 


Vqc = MAX - See Not e 2 


8 13 


8 13 


mA 



'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 

t AM typical values are at V^c = 5 V, T A = 25°C. 

NOTE 2: Iqq is measured with one input of each gate at 4.5 V, the other inputs grounded, and the outputs open. 



switching characteristics, Vcc = 


5V,Ta = 25°C 












PARAMETER H 


FROM 
(INPUT) 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


A or B 


Other input low 


C L = 15pF, 
Ri_ = 2kn, 
See Note 3 


18 


30 


ns 


tPHL 


18 


30 


*PLH 


A or B 


Other input high 


18 


30 


ns 


tPHL 


18 


30 



UtpLH = propagation delay time, low-to-high-level output 
tpHL — propagation delay time, high-to-!ow-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-1 1. 
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TYPES SN54273, SN54LS273, SN74273, SN74LS273 
OCTAL D TYPE FLIP-FLOP WITH CLEAR 



BULLETIN NO. DL-S 7612091, OCTOBER 1976 



• Contains Eight Flip-Flops with 
Single-Rail Outputs 

• Buffered Clock and Direct Clear Inputs 

• Individual Data Input to Each Flip-Flop 

• Applications Include: 

Buffer/Storage Registers 
Shift Registers 
Pattern Generators 

description 

These monolithic, positive-edge-triggered flip-flops 
utilize TTL circuitry to implement D-type flip-flop 
logic with a direct clear input. 

Information at the D inputs meeting the setup time 
requirements is transferred to the Q outputs on the 
positive-going edge of the clock pulse. Clock 
triggering occurs at a particular voltage level and is 
not directly related to the transition time of the 
positive-going pulse. When the clock input is at either 
the high or low level, the D input signal has no effect 
at the output. 

These flip-flops are guaranteed to respond to clock 
frequencies ranging from to 30 megahertz while 
maximum clock frequency is typically 40 megahertz. 
Typical power dissipation is 39 milliwatts per 
flip-flop for the '273 and 10 milliwatts for the 
'LS273. 

schematics of inputs and output 

■273 



EQUIVALENT OF EACH INPUT 

vcc- 




Clear: R w 

Clock: ff^ 

All other inputs: R w 



= 3 kn NOM 
= 6 kfi NOM 
= 8 kfi NOM 



TYPICAL OF ALL OUTPUTS 




functional block diagram 



^» 



l-C >CK 
CLEAR 



'•H> 



D Q 
LCt>CK 



SN54273, SN54LS273 ... J PACKAGE 
SN74273, SN74LS273 ... J OR N PACKAGE 



7D 70 6Q 6D 5D 5Q CLOCK 



i^y^mjlUiiU^y^mre} 



l_Q D _] L_ D q -I L_ q D _J L- D Q^ 



CKO— ♦— C>CK 
CLEAR i CLEAR 




Ei£=Kt2£2 



\yiirtirtAnirtiJiimmJ-L?f 

CLEAR 1Q 1D 2D 2Q 3Q 3D 4D 40 GND 



positive logic: see function table 



FUNCTION TABLE 
(EACH FLIP-FLOP) 



INPUTS 


OUTPUT 
Q 


CLEAR CLOCK D 


L XX 


L 


H t H 


H 


H t L 


L 


H L X 


Qo 



See explanation of function tables on page 3-8. 



EQUIVALENT OF EACH INPUT 



TYPICAL OF ALL OUTPUTS 




v cc 



D Q: 

L-C >CK 



D Qh 
LCt»CK 



D 
1-C>CK 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc (see Note 1) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54273 -55°Cto125°C 

SN74273 0°Cto70°C 

Storage temperature range — 65°Cto150°C 



NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 







SN54273 


SN74273 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqq 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, Iqh 


-800 


-800 


M 


Low-level output current, Iql 


16 


16 


mA 


Clock frequency, xirxk 


30 


30 


MHz 


Width of clock or clear pulse, t w 


16.5 


16.5 


ns 


Set-un time t... 


Data input 


20t 


20t 


ns 


Clear inactive state 


25t 


25t 


Data hold time, th 


5t 


5t 


ns 


Operating free-air temperature, T"a 


-55 125 


70 


°C 



tThe arrow indicates that the rising edge of the clock pulse is used for reference. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS + 


MIN TYPt MAX 


UNIT 


V||-| High-level input voltage 




2 


V 


V| |_ Low-level input voltage 




0.8 


V 


V||< Input clamp voltage 


Vcc = MIN, I| = -12mA 


-1.5 


V 


Vqh High-level output voltage 


V'cc = iVliN, V|h = 2V, 
V| L = 0.8V, I O h = -800mA 


2.4 3.4 


V 


Vol Low-level output voltage 


V C C = m IN, V| H = 2V, 
V| L = 0.8V, l L = 16 mA 


0.4 


V 


l| Input current at maximum input voltage 


Vcc = MAX, V| = 5.5V 


1 


mA 


l|(_| High-level input current 


Clear 


Vcc = MAX, V| = 2.4V 


80 


MA 


Clock or D 


40 


l||_ Low-level input current 


Clear 


V CC = MAX, V| = 0.4V 


-3.2 


mA 


Clock or D 


-1.6 


'OS Short-circuit output current § 


Vcc = MAX 


-18 -57 


mA 


ICC Supply current 


V cc = MAX, See Note 2 


62 94 


mA 



T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AU typical values are at V cc = 5 V, T A = 25°C. 
SNot more than one output should be shorted at a time. 

NOTE 2: With all outputs open and 4.5 V applied to all data and clear inputs, I^C ' s rneasured after a momentary ground, then 4.5 V, is 
applied to clock. 

switching characteristics, Vcc = 5 V, Ta = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


fmax Maximum clock frequency 


C L = 15 pF, 
R|_ = 400n, 
See Note 3 


30 40 


MHz 


tpHL Propagation delay time, high-to-low-level output from clear 


18 27 


ns 


tpm Propagation delay time, low-to-high-level output from clock 


17 27 


ns 


tpHL Propagation delay time, high-to-low-level output from clock 


18 27 


ns 



NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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OCTAL D-TYPE FLIP-FLOP WITH CLEAR 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 7V 

Input voltage ^ 

Operating free-air temperature range :SN54LS273 -55 C to 125 C 

SN74LS273 0°C to 70°C 

Storage temperature range 65 C to 150 C 

NOTE 1 : Voltage values are with respect to network ground terminal 

recommended operating conditions 



Supply voltage, Vcc 



High-level output current, Iqh 



Low-level output current, Iql 



Clock frequency, f c lock 



Width of clock or clear pulse, t v 



Set-up time, t s 



Data input 



Clear inactive state 



Data hold time, tj, 



Operating free-air temperature, "F"a 



SN54LS273 



MIN NOM MAX 



MIN NOM MAX 



^A 



mA 
MHz 



tThe arrow indicates that the rising edge of the clock pulse is used for reference. 



electrical characteristics over recommended operating free-aii 


temperature range 


(unless otherwise not 


ed) 


PARAMETER 


TEST CONDITIONS* 


SN54LS273 


SN74LS273 


UNIT 


MIN TYP* 


MAX 


MIN TYPt MAX 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.7 


0.8 


V 


V|K 


Input clamp voltage 


Vcc = MIN, l| = -18mA 


-1.5 


-1.5 


V 


V H 


High-level output voltage 


Vcc = M | N. V | H =2V, 
V||_ = V||_max, loH = — 400 mA 


2.5 3.4 


2.7 3.4 


V 


vol 


Low-level output voltage 


V C c = MIN, V IH= 2V - 
V||_ = V|[_max 


'OL = * mA 


0.25 


0.4 


0.25 0.4 


V 


Iql = 8 mA 




0.35 0.5 


! I Input current at maximum input voitage 


Vcc = MAX - Vj = 7 V 


0.1 


0.1 


mA 


l|H 


High-level input current 


V C c MAX - V| = 2.7 V 


20 


20 


MA 


IlL 


Low-level input current 


V C c = MAX, V| = -0.4V 


-0.4 


-0.4 


mA 


'OS 


Short-circuit output current? 


Vcc = MAX 


-20 


-100 


-20 -100 


mA 


ice 


Supply current 


Vcc = MAX . See Note 2 


17 


27 


17 27 


mA 



*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
•SaII typical values are at Vcc = 5V, T^ = 25 C. 

§Not more than one output should be shorted at a time and duration of short circuit should not exceed one second. 

NOTE 2: With all outputs open and 4.5 V applied to all data and clear inputs. Ice is measured after a momentary ground, then 4.5 V is 
applied to clock. 



switching characteristics, Vcc = 5 V, Ta = 25° C 












PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


f max Maximum clock frequency 


C|_= 15 pF, 
R L = 2kn, 
See Note 4 


30 


40 




MHz 


tpHi Propagation delay time, high-to-low-level output from clear 




18 


27 


ns 


tpi h Propagation delay time, low-to-high-level output from clock 




17 


27 


ns 


tPHL Propagation delay time, high-to-low-level output from clock 




18 


27 


ns 



NOTE 4: Load circuit and voltage waveforms are shown on page 3-1 1. 
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TYPES SN54LS275, SN54S274, SN54S275, 

SN74LS275, SN74S274, SN74S275 

4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS 

7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS 



BULLETIN NO. DL-S 7612121, OCTOBER 1976 



'S274 Provides 8-Bit Product in Typically 
45 ns 

'S274 Can Provide Sub-Multiple Products 
for n-Bit-by-n-Bit Binary Numbers 

• 'LS275 and 'S275 Accept 7 Bit-Slice Inputs 
and 2 Carry Inputs for Reduction to 4 Lines 
in Typically 45 ns 

• These High-Complexity Functions Can Reduce 
Package Count by Nearly 50% in Most 
Parallel Multiplier Designs 

• When SN74S274 is Combined With SN74H183 
(or SN74LS183) and Schottky Look-Ahead 
Adders, Multiplication Times are Typically: 

16-Bit Product in 75 ns (79 ns) 
32-Bit Product in 116 ns (132 ns) 



SN54S274 ... J PACKAGE 

SN74S274 ... J OR N PACKAGE 

(TOP VIEW) 



Jli^lM^U^MJ^^U^ 



"K 



AB2 * 7 AB2"* 6 AE2"* 5 



"^immAmmmmmiif 



positive logic: When either (or both) G input(s) is 
(are) high, all eight outputs are off. 



description 



These high-complexity Schottky-clamped TTL cir- 
cuits are designed specifically to reduce the delay 
time required to perform high-speed parallel binary 
multiplication and significantly reduce package 
count. The 'S274 is a basic 4-bit-by-4-bit parallel 
multiplier in a single package, and as such, no 
additional components are required to obtain an 8-bit 
product. For word lengths longer than 4 bits, a 
number of 'S274 multipliers can be combined to 
generate sub-multiple partial products. These partial 
products can then be combined in Wallace trees to 
obtain the final product. See Typical Application 
Data. 

The 'LS275 and 'S275 expandable bit-slice Wallace 
trees have been designed to accept up to seven 
bit-slice inputs and two carry inputs from previous 
slices for reduction to four lines. 



SN54LS275, SN54S275 ... J PACKAGE 

SN74LS275, SN74S275 ... J OR N PACKAGE 

(TOP VIEW) 



SLICE INPUTS 



SLICE AND CARRY OUTPUTS 



CC ' 2" 2"^ G / 2°+ z 2"" C2"*~ 2"*° N 



2" 2" C2" C2" 



Ljiiirii_riAniiiLri2j^i!_r 



C2" C2" 2" GND 

SLICE 
INPUT 



positive logic: When G is high, all four outputs are off. 
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TYPES SN54LS275.SN54S274,SN54S275,SN74LS275,SN74S274,SN74S275 
4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS 
7-BIT-SLICE WALLACE TREES WITH 3 STATE OUTPUTS 



functional block diagram 



'LS275, 'S275 

BIT-SLICE INPUTS OF 2 n 



2" 2 n 2" 2" 2" 2" 2" 

(1) I (2) |(3) |(4) I (7) 1(14) 1(15) 



ENABLE 
5 



sm^ 



C B A 



C 2 

J 



C B A 



•jn+2 ^n+1 



CARRY 
INPUTS 
-C2n 



C B A 



XT' 



|(12) |(11) |(10) |(9) 



2*1+2 2 n+1 



(9) 
C2 rri ^ 2 n+ ® 



NOTE: When one of of the Cj" carry inputs is not used, it must be 
grounded. If neither C2 11 carry input is used, both C2 n 
inputs are grounded and the C2 n+1 output is normally left 
open. 



schematics of inputs and outputs 

'LS275 



'S274, 'S275 



EQUIVALENT OF 
EACH INPUT 

v cc . 



INPUT-»-J!J 



Enabled R^ = 18 kfi IMOM 
Others: Req = 6 kfi NOM 



TYPICAL OF ALL OUTPUTS 

vcc 




EQUIVALENT OF EACH INPUT 



- — J j i 



n 



TYPICAL OF ALL OUTPUTS 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc l see Note 1) 7V 

Input voltage: 'LS275 7V 

'S274/S275 5 - 5 v 

Off-state output voltage: 'LS275 7 v 

'S274, 'S275 5.5V 

Operating free-air temperature range: SN54LS, SN54S Circuits -55 Cto125^C 

SN74LS, SN74S Circuits 0°C to 70°C 

Storage temperature range ~65 C to 150 C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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TYPES SN54LS275, SN74LS275 
7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS 



recommended operating conditions 




SN54LS275 


SN74LS275 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, Ioh 


-1 


-2.6 


mA 


Low-level output current, Iol 


12 


24 


mA 


Operating free-air temperature, T^ 


-55 125 


70 


°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS* 


SN54LS275 


SN74LS275 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|H High-level input voltage 




2 


2 


V 


V||_ Low-level input voltage 




0.7 


0.8 


V 


V|K Input clamp voltage 


V C c = MIN, 


l| = -18mA 


-1.5 


-1.5 


V 


Voh High-level output voltage 


V C c = MIN, 
V||_ = V||_max 


V| H = 2V, 
lOH = MAX 


2.4 3.2 


2.4 3.1 


V 


Vql Low-level output voltage 


\/~~ = MIM 

■ ^^ * 

V| H = 2V, 
V||_ = V||_max 


'OL = vz mA 


0.25 0.4 


0.25 0.4 


V 


lOL ~ 24 mA 




0.35 0.5 


Off -state output current, 
high-level voltage applied 


Vcc = MA X, 
V = 2.7 V 


V| H = 2V, 


20 


20 


ma 


Off-state output current, 

'OZL 

low-level voltage applied 


Vcc = MAX, 
Vo = 0.4 V 


V| H =2V, 


-20 


-20 


mA 


Input current at 
l| 

maximum input voltage 


Enable G 


V CC = MAX, 


V| = 7 V 


0.1 


0.1 


mA 


All others 


0.3 


0.3 


High-level 

'IH 

input current 


Enable G 


V CC = M AX, 


V| = 2.7 V 


20 


20 


MA 


AI! others 


60 


60 


Low-level 
input current 


Enable G 


Vcc = MAX, 


V| = 0.4 V 


-0.4 


-0.4 


mA 


All others 


-1.2 


-1.2 


'OS Short-circuit output current§ 


Vcc = MAX 


-30 -130 


-30 -130 


mA 


ICC Supply current 


Vcc = MAX 


25 40 


25 40 


mA 



■f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at V(jc = 5 V, T^ = 25 C. 

§ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 



switching characteristics, Vcc = 5 V, Ta = 25' 



PARAMETER^ 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


Any Slice or Carry 


Any 


C|_ = 45pF, R L = 667n, 
See Note 2 


41 62 


ns 


tPHL 


44 66 


*PZH 


Any Enable 


Any 


C|_ = 5pF, R L = 667ft, 
See Note 2 


15 23 


ns 


tPZL 


15 23 


tPHZ 


10 15 


ns 


tPLZ 


10 15 



f t PLH s Propagation delay time, low-to-high-level output 

*PHL — Propagation delay time, high-to-low-level output 

t PZH — Output enable time to high level 

tp2|_ = Output enable time to low level 

*PHZ s Output disable time from high level 

tp[_z = Output disable time from low level 
NOTE 2: Load circuit and voltage waveforms are shown on page 3-11. 



DESIGN GOAL 

This page provides tentative information on a I EXAS INSTRUMENTS 

product in the developmental stage. Texas INCORPORATED 

Instruments reserves the right to change or dis- post office box 5012 . Dallas. Texas 75222 
continue this product without notice. 
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TYPES SN54S274, SN54S275, SN74S274, SN74S275 
4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS 
7-BIT-SLICE WALLACE TREES WITH 3 STATE OUTPUTS 



recommended operating conditions 






SN54S274 
SN54S275 


SN74S274 
SN74S275 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current. Ioh 


-2 


-6.5 


mA 


Low-level output current, Iol 


12 


12 


mA 


Operating free-air temperature, T/^ 


-55 125 


70 


°C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS* 


SN54S274 
SN54S275 


SN74S274 
SN74S275 


UNIT 


MIN TYP* MAX 


MIN TYPt MAX 


Vm High-levelinput voltage 




2 


2 


V 


V|l Low-level input voltage 




0.8 


0.8 


V 


V | k 1 nput clamp voltage 


Vcc = MIN - 


l| = -18mA 


-1.2 


-1.2 


V 


Voh High-level output voltage 


V<;c = MIN . 
V| L =0.8 V, 


V|H = 2V. 

I 0H = MAX 


2.4 3.4 


2.4 3.2 


V 


Vol Low-level output voltage 


V CC = MIN, 
V| L = 0.8 V, 


V| H = 2V, 
'OL = 12 mA 


0.5 


0.5 


V 


Off-state output current, 
high-level voltage applied 


Vcc= MAX, 
V = 2.4 V 


V|H = 2V, 


50 


50 


MA 


Off-state output current, 
low-level voltage applied 


Vcc = M AX r 
V = 0.5 V 


V|H = 2V, 


-50 


-50 


ma 


l| Input current at maximum input voltage 


Vcc = MAX ' 


V| = 5.5 V 


1 


1 


mA 


l|H High-level input current 


Vcc = MAX ' 


V| = 2.7 V 


25 


25 


mA 


l|L Low-level input current 


Vcc = MAX - 


V| = 0.5V 


-0.25 


-0.25 


mA 


Iqs Short-circuit output current S 


Vcc = MAX 


-30 -100 


-30 -100 


mA 


1 'CC Supply current 


Vcc = MAX 


105 155 


105 155 


mA 


switching characteristics over recommended ranges of T A and Vqq 


(unless otherwise noted) 


PARAMETER^ 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


SN54S274 
SN54S275 


SN74S274 
SN74S275 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


tPHL 


Any A or B CS274),or 
Any Slice or Carry CS275) 


Any 




Ci_ = 30 pF, 
R L = 400«, 
See Note 3 


50 95 


50 70 


ns 


50 95 


50 70 


tPLH 


tPZH 


Any Enable 


Any 


CL = 5pF, 
R L = 400fi, 
See Note 3 


15 45 


15 30 


ns 
ns 


tPZL 


15 45 


15 30 


tPHZ 


10 40 


10 25 


10 40 


10 25 


tPLZ 







T F or conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 

t All typical values are at V CC = 5 V, Ta = 25 C. 

§ Not more than one output shou.d be shorted at a time and duration of the short-circuit should not exceed one second. 
1t PLH == Propagation delay time, low-to-high-level output 

tpHL = Propagation delay time, high-to-low-level output 

t PZH = Output enable time to high level 

t PZL = Output enable time to low level 

tpHZ s Output disable time from high level 

t pLZ = Output disable time from low level 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54LS275,SN54S274,SN54S275.SN74LS275,SN74S274,SN74S275 

4-BIT-BY4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS 

7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS 



TYPICAL APPLICATION DATA 



a sub-multiple partial product bits 



2" +2 carry bit to the 2" +2 
2 ft+7 carrybittothe2 n4 ' 1 1 



7-INPUT ADDER 






*-\ 2" carry bit 
+-; {See Hate A 



o the 2 1 ** 1 product. Usually 



2°™ product output 



2"* 2 carry bit to the 2"* 2 



2" sub-multiple partial product bits 

that contribute to the 2"*° product 

{See Note A) 



2" 2" 2" 2" 2" 2" 2" 

C2"| — | 

'LS275/'S275 

C2" 



I 
Open 



Cn B A 
'LS183/'H183 
C2"* 1 



-^R 



< 7 inputs per bit-slice 
. 56 ns typical propagation delay ti 
1 1 1/2 packages per bit-slice 



•""j,?. 



2""' " carry bit that contributes 
to the 2" +1 product. Usually 
this carry bit and the 2 n+1 
product output (from the n+ 1 
Wallace tree) are fed into a 



2""^ product output 



FIGURE 1 -BASIC BIT-SLICE WALLACE TREE 



FIGURE 2-HIGH-SPEED BIT-SLICE WALLACE TREE 



tttttft 



'LS275/'S275 ^ 
C2 n 

2*1+2 2n+1 C2 n+1 2° 

T 



Ton+1 
tree 



S 



1 



< 7 inputs per bit-slice 

61 ns typical propagation delay time 

1 1/4 packages per bit-slice 



t+ntn 



C2" 
on+2 2 n+ 1 C2 n+1 2 n 



=1 



on+2 o n+ 1 C2 n+ ^ 9 11 



1 



B2 A2 
'283/'LS283/'S283 



tww 



'LS275/'S275 
2*1+2 2*1+1 Q2 n+ 1 2" 



To final summing adder 



FIGURE 3-MODERATE-SPEED BIT-SLICE WALLACE TREE 



NOTE A: All unused inputs must be grounded. 



fl 



+_ 2 "+^\ Fr, 
•«-2" +1 Jire 

From 
■# previous C4 

1 I ('y* 2 output 

i «l C from n 
I I tree 
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TYPES SN54LS275.SN54S274,SN54S275,SN74LS275.SN74S274.SN74S275 
4-BIT-BY4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS 
7-BIT-SLICE WALLACE TREES WITH 3 STATE OUTPUTS 



TYPICAL APPLICATION DATA 



HHW 




< 15 inputs per bit-slice 

101 ns typical propagation delay ti 

3 1/2 packages 

135 ns typical propagation daisy t 
3 packages 
(See Note A) 



from n—2 tree 



■♦-From n-2 Tree 
^— From n— 1 Tree 



NOTES: A. Ground unused inputs. 

B. These outputs from proceeding trees may go to any of the inputs of the 'LS275/'S275. 

C. The circuit within the dotted lines may be either the basic bit-slice Wallace tree or the high-speed Wallace tree. In the latter case 
both carry inputs of the 'LS275/'S275 must be grounded. 

FIGURE 4-15-BIT-SLICE WALLACE TREE FOR 32-BIT X 32-BIT MULTIPLIER 



HttHt 



See Note A 
'LS275/ 

"""■S275"" 

(19 Bits) ^ 

2"' 2 2"" C2"* 1 2" 



!"" C?" 1 



2° bit from 
_ 2"- 2 me 
-2" bit from 



E£. on irom 



~\ 



ttwtt 



See Note A 
'LS275/ 

~" 'S275 - 
(23 Bits) 



hazzr J 



•LS275/'S275(11Bits) 



ni 



A 



tWitt 



See Note A 
'LS275/ 

'S275 - 
(27 Bits) 



"nzi 



man 



See Note A 
'LS275/ 



'S275 
(31 Bits) 



Ljj—jJ 



'LS275/'S275(15Bits) 



ZE 



_J 



BASIC BIT-SLICE. HIGH SPEED BIT SLICE, OR MODERATE-SPEED BIT SLICE WALLACE TREE 
17 BITS) 



2"* 2 bit to 2"* 2 tree — *J 
2"* 1 bit to 2"* 1 tree -4 



- 2"* 2 bit from 2"- 2 t 

- 2"* 1 bit from 2" - ' t 



To final summing adder 

NOTES: A. Ground unused inputs. 

B. The number of bits in parentheses is the maximum number of bits this tree can combine if the remaining 'LS275/'S275 (all having 
a higher number in the parentheses) were not connected. 

FIGURE 5-7-TO-31-BIT-SLICE WALLACE TREE FOR UP TO 64-BIT X 64-BIT MULTIPLIERS 



7-396 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX S012 . DALLAS. TEXAS 75222 



TYPES SN54LS275,SN54S274 > SN54S275 f SN74LS275 f SN74S274.SN74S275 

4-BIT-BY4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS 

7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS 



TYPICAL APPLICATION DATA 



• 2 u PP er half of n x 2 lo "' er half of " ■ 
I L 1 

: 2 u PP er ha " °* n X 2 upper ha " of n ' 2 lower ha " of " X 2 lower ha " of " ' 

1 1 j J 

■ 2 lower half of n x 2 u PP er ha " °* n 

NOTE A: The left-hand half of each rectangle is the portion of 
word one used to obtain the product shown within the 
rectangle. Similarly, the right-hand half of each rectangle 
is the portion of word two used. 

FIGURE 6-UNIVERSAL METHOD OF 

ADDING ^ -BIT PRODUCTS TO 

OBTAIN AN n-BIT PRODUCT 



EACH RECTANGLE 
REPRESENTS AN 



Lj£l 6 J2.?f> x !2l® ».^!_3_.J?°J° i-l 5 ' 1 X .<L° I2. 2 ^ll 
~L_ ii -^ ^L*. { 3l 6 J? H^lT 

FIGURE 7-METHOD OF ADDING 

32-BIT PRODUCTS TO OBTAIN A 

64-BIT PRODUCT 



| | 8-BIT PRODUCT 








1 1 1 1 1 1 




1 1 1 1 1 1 1 1 




, 1 1 1 1 1 1 1 1 | 




Mil 1 1 1 1 1 i 1 1 


Mil' ' 1 1 1 1 1 1 1 


1 1 1 1 Mil 




ISM 1 II 1 ' 1 1 1 1 1 1 l"l 


Igl 1 II 1 1 1 1 1 1 1 1=1 
, <->. | . , q, 

|Q-|ui|UJ|Uj|Uj|Lli|Ui|ui|li|lLIj|LJjlujlujluj|lljlr- 

CQ 111 UUUJ UJUJLU UJ in |(| in in Him LU 

1 «« 1 1 — 1 1 — 1 • — 1 ■ — 1 i — 1 i — 1 ■ — 1 1 — 1 ■ — 1 ■ — 1 ■ — 1 ■ — 1 ■ — 1 ■ — 1 ^ 1 

'S'i-'i-'i-'i-'i-'i-'i-'i-'i-'i-'i-'h'i-'i-'S 1 

lN,3|3 1 3|3.3,3|3|3,3|3.3|3|D l 3|ll.| 
1 J^la.lQ-|Q.Q-l&|a.|a_|a.la.la.|a.lQ-la.| lv . 1 
|n|z|z|z|z|z|z|Z|z|z|z|z|z|z|z|7Ml 


■ _|C0|if)ir^|OT|«-|C0|ir3.m|C0|»~iO3|r^|ir5|n|eM~| 

l' N -|<l<l<l<l<l<l<l<l<. <■<!<!<. <.'^ a . 

5 |ww|luluIujujluujIiijujIujIlijuj|lu|-| 

l<Ml^-|^l^'l^'|^ , l«3 , l*J'|*t|*3 , |*t|^-|*tl»d , l*3-|r>j| 



RECTANGLE REPRESENTS 




FIGURE 8-FINAL PRODUCTS AND 

ARRAY SUBPRODUCT ADDITIONS FOR 

32-BIT X 32-BIT MULTIPLIER 



NOTE A: See Note B of Figure 6 for designing trees with any number of inputs up to 31 . 
FIGURE 9-ARRAY ARRANGEMENT FOR VARIOUS MULTIPLIERS 
INCLUDING ARRAY SUBPRODUCT ADDITIONS FOR 64-BIT X 64-BIT 
MULTIPLIER 
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TYPES SN54LS275.SN54S274,SN54S275,SI\I74LS275,SI\I74S274,SN74S275 

4-BIT-BY-4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS 

7-BIT- SLICE WALLACE TREES WITH 3 STATE OUTPUTS 

TYPICAL APPLICATION DATA 
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TYPES SN54LS275 f SN54S274,SN54S275,SI\l74LS275,SN74S274,SI\l74S275 

4-BIT-BY4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS 

7-BIT-SLICE WALLACE TREES WITH 3-STATE OUTPUTS 

TYPICAL APPLICATION DATA 
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TYPES SN54LS275.SN54S274,SN54S275,SN74LS275.SN74S274.SN74S275 
4-BIT-BY4-BIT BINARY MULTIPLIER WITH 3-STATE OUTPUTS 
7-BIT-SUCE WALLACE TREES WITH 3 STATE OUTPUTS 

TYPICAL APPLICATION DATA 






*Each starred block may be either a basic bit-slice Wallace tree('LS275 or 'S275 only) or a high-speed bit-slice Wallace tree CLS275 plus 1/2 
'LS183 or "S275 plus 1/2 'H183). In either case the function of the terminal is the same as the similarly located terminal of the basic bit-slice 
(Figure 1) or high-speed bit-slice Wallace tree (Figure 2). Also for either tree, when only five inputs of the seven-input adder of the 
'LS275/'S275 are used, the remaining two inputs must be grounded. When the high-speed adder is used, the C2 n inputs of the 'LS275/'S275 
must be grounded. 

t For improved performance SN74LS1 81/SN74S181 ALUs with SN74S182 look-ahead generators can be substituted for the 
SN74283/SN74LS283/SN74S283 adders. Typically, the multiplication time will be reduced by 18 to 32 nanoseconds. 

FIGURE 10-16-BIT X 16-BIT MULTIPLIER 
(SHEET 3 OF 3-SUMMING PARTIAL PRODUCTS) 
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TYPES SN54276, SN74276 
QUADRUPLE J-K FLIP-FLOPS 

BULLETIN NO. DL-S 7612460, OCTOBER 1976 



features 

• Four J-K Flip-Flops in a Single Package . . . 
Can Reduce FF Package Count by 50% 

• Separate Negative- Edge-Triggered Clocks with 
Hysteresis . . . Typically 200 mV 

• Typical Clock Input Frequency ... 50 MHz 

• Fully Buffered Outputs 

description 

These quadruple TTL J-K flip-flops incorporate a 
number of third-generation IC features that can 
simplify system design and reduce flip-flop package 
count by up to 50%. They feature hysteresis at each 
clock input, fully buffered outputs, and direct clear 



SN54276 ... J PACKAGE 

SN74276 ... J OR N PACKAGE 

(TOP VIEW) 



,k:i:+,, „„,g 



rvfr+ohln +k- 



.nt> -, L.f(l>r +u-,+ 



also features an input hysteresis loop. The negative- 
edge-triggering clocks are directly compatible with 
earlier Series 54/74 single and dual pulse-triggered 
flip-flops. These circuits can be used to emulate 
D- or T-type flip-flops by hard-wiring the inputs, or 
to implement asychronous sequential functions. 

The SN54276 is characterized for operation over the 
full military temperature range of — 55°C to 125°C; 
the SN74726 is characterized for operation from 0°C 

lO /u o. 

FUNCTION TABLE (EACH FLIP-FLOP) 



COMMON INPUTS 


INPUTS 


OUTPUT 


PRESET CLEAR 


CLOCK J 


K 


Q 


L H 


X X 


X 


H 


H L 


X X 


X 


L 


L L 


X X 


X 


Ht 


H H 


4. L 


H 


On 


H H 


4. H 


H 


H 


H H 


i L 


L 


L 


H H 


I H 


L 


TOGGLE 


H H 


H X 


X 


o-o 



^This configuration is nonstable; that is, it may not 
persist when preset and clear return to their inactive 
(high) level. 

See explanation of function tables on page 3-8. 



4CK 



30. 



j^m^i^^ 



r^ 



D 



liJiiJiiiMjjiLriiJi^^ 

CLEAR 1J 1CK IK 1Q 20. 2K 2CK 2J GND 



schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

v C c 




Clear, J, K: R eq = 4 kn NOM 
Clock: R eq = 10.2 kft NOM 
Preset : R eq = 11.6kS2 NOM 



TYPICAL OF ALL OUTPUTS 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54276 — 55°Cto125°C 

SN74276 0°Cto70°C 

Storage temperature range — 65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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TYPES SN54276, SN74276 
QUADRUPLE J-K FLIP-FLOPS 



recommended operating conditions 







SN54276 


SN74276 


UNIT 




MIN 


NOM 


MAX 


MIN 


NOM 


MAX 


Supply voltage, Vqc 


4.5 


5 


5.5 


4.75 


5 


5.25 


V 


High-level output current, Iqh 


-800 


-800 


MA 


Low-level output current, Iol 


16 


16 


mA 


Clock frequency 







35 







35 


MHz 


Pulse width, t w 


Clock high 


13.5 


13.5 


ns 


Clock low 


15 


15 


Preset or clear low 


12 


12 


Setup time, ts U 


J, K inputs 


3; 


34- 


ns 


Clear and preset inactive state 


101 


10i 


Input hold time, H, 


10i 


10; 


ns 


Operating free-air temperature, T/\ 


-55 




125 







70 


°C 



I The arrow indicates that the falling edge of the clock pulse is used for reference. 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 1, 


MIN TYPt MAX 


UNIT 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V|K 


Input clamp voltage 


Vcc = MIN, l|=-12mA 


-1.5 


V 


VOH 


High-level output voltage 


Vcc = MIN, V|H=2V, 
V| L = 0.8V, I O H = -800mA 


2.4 3.4 


V 


vol 


Low-level output voltage 


V C c = MIN, V| H =2V, 
V| L = 0.8V, lQL = 16mA 


0.2 0.4 


V 


|| Input current at maximum input voltage 


V CC = MAX, V| = 5.5 V 


1 


mA 


l|H 


High-level input current 


Vcc = M AX, V| = 2.4 V 


40 


MA 


l|L 


Low-level input current 


Vec = M AX, V| = 0.4 V 


-1.6 


mA 


I OS 


Short-circuit output current § 


Vcc = MAX 


-30 -85 


mA 


'cc 


Supply current 


Vcc = MAX 


60 81 


mA 



tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

|AII typical values are at Vc c = 5 V, T A = 25°C. 

§Not more than one output should be shorted at a time. 



switching characteristics, V^c = 5 V, T^ = 25° C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


'max 


Maximum clock frequency 


C L = 15 pF, 
R L = 400n, 
See Note 2 


35 


50 




MHz 


tPLH 


Propagation delay time, low- to-high-level output from preset 




15 


25 


ns 


tPHL 


Propagation delay time, high-to-low-level output from clear 




18 


30 


ns 


tPLH 


Propagation delay time, low- to-high-level output from clock 




17 


30 


ns 


tPHL 


Propagation delay time, high-to-low-level output from clock 




20 


30 


ns 



NOTE 2: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54278, SN74278 
4-BIT CASCADABLE PRIORITY REGISTERS 

BULLETIN NO. DL-S 7211729, MAY 1972-REVISED DECEMBER 1972 



Latched Data Inputs Serve as Buffer Register 

and Can also: 

Synchronize Data Acquisition 
"Denounce" Mechanical Switch Input 

Cascading Input PO and Output P1 
Provides "Busy"Signal Inhibiting All 
Lower-Order Bits 

Full TTL Compatibility 

Use for: 

Priority Interrupt 

Synchronous Priority Line Selection 



SN54278 ... J OR W PACKAGE 
SN74278 ... J OR N PACKAGE 
(TOP VIEW) 



description 



The SN54278 and SN74278 each consist of four data 
latches, full priority output gating, and a cascading 
gate. The highest-order data applied at a D latch input 
is transferred to the appropriate Y output while the 
strobe input is high, and when the strobe goes low alJ 
data is latched. The cascading input PO is fully 
overriding and on the highest-order package this input 
must be held at a low logic level. The P1 output is 
intended for connection to the PO input of the next 
lower-order package and will provide a "busy" 
(high-level) signal to inhibit all subsequent lower- 
order packages. 

After the overriding PO input, the order of priority is 
D1, D2, D3, and D4, respectively, within the package. 



functional block diagram 



J#^MM^R 



D3 D4 PO PI Y4 



\ STROBE D3 D4 PO / \ PI Y4y GND 



positive logic: see function table 



NC— No internal connection 



















INPUTS 


INTERNAL 
LATCH NODES 


OUTPUTS 


PO 


G 


D1 D2 D3 04 


0102 03 04 


Y1 


Y2 Y3 


Y4 


PI 


L 


H 


H X X X 


L X X X 


H 


L L 


L 


H 


L 


H 


L H X X 


H L X X 


L 


H L 


L 


H 


L 


H 


L L H X 


H H L X 


L 


L H 


L 


H 


L 


H 


L L L H 


H H H L 


L 


L L 


H 


H 


L 


H 


L L L L 


H H H H 


L 


L L 


L 


L 










Same function of Q 


L 


L 


X X X X 


Latched when 


nodes as on 


1st 








G goes low 


51 


nes 




H 


L 


X X X X 


L 


L L 


L 


H 






Internal Q leve 


Is are same 










H 


H 


function of D 
first 5 lines 


nputs as on 


L 


L L 


L 


H 



H = high level, L = low level, X = irrelevant 
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TYPES SN54278, SN74278 

4-BIT CASCADABLE PRIORITY REGISTERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc ( see Note 1 ) 7 V 

Input voltage 5 - 5 v 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54278 Circuits -55 C to 125 C 

SN74278 Circuits 0°Cto70°C 

Storage temperature range —65 C to 150 C 

NOTES: 1 . Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies between the strobe 
input and any of the four data inputs. 

recommended operating conditions 



Supply voltage, Vcc 



High-level output current, Iqh 



Low-level output current, Iql 



Data setup time, t su (see Figure 1 ) 



Data hold time, t n (see Figure 1) 



Strobe pulse width, t w (see Figure 1) 



Operating free-air temperature, T^ 



MIN NOM MAX 



MIN NOM MAX 



MA 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN TYP 


MAX 


UNIT 


V|H 


High-level input voltage 






2 


V 


V| L 


Low-level input voltage 






0.8 


V 


V|K 


Input clamp voltage 




V C c = MAX, 


l! = -12mA 


-1.5 


V 


VOH 


High-level output voltage 




Vcc = MIN, 
V| L = 0.8V, 


V| H = 2V, 
l H = -800 nA 


2.4 3.4 


V 


vol 


Low-level output voltage 




Vcc = MIN, 
V| L = 0.8V, 


V, H = 2V, 
Iql= 16 mA 


0.2 


0.4 


V 


l| Input current at maximum input voltage 


Vcc = MAX - 


V| = 5.5V 


1 


mA 


•iH 


High-level input current 


Any D input 


V C c = MAX - 


V| = 2.4 V 


80 


uA 


P0 input 


200 


G input 


320 


•IL 


Low-level input current 


Any D input 


V C c = MAX, 


V| = 0.4 V 


-3.2 


mA 


P0 input 


-8 


G input 


-12.8 


"OS 


Short-circuit output currents 




Vcc = MAX 


SN 54278 


-18 


-55 


mA 


SN 74278 


-18 


-57 


'cc 


Supply current 




V C c = MAX . 


See Note 3 


55 


80 


mA 



■•■For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 

Jam typical values are at V^c = 5 V, T^ = 25 C. 

§ Not more than one output should be shorted at a time. 

NOTE 3: lr_;c is measured with the P0 input grounded, all other inputs at 4.5 V, and outputs open. 
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switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER 1 


FROM 
(INPUT) 


TO 
(OUTPUT) 


WAVEFORMS 


TEST 
CONDITIONS 


MIN TYP MAX 


UNIT 


*PLH 


Data 


Y 


AandC 
(with strobe high) 


C L = 15 pF, 
R|_ = 400 ft. 
See Figure 1 


30 


ns 


tPHL 


39 


tPLH 


Data 


Y 


A and D 
(with strobe high) 


38 


ns 


tPHL 


31 


*PLH 


Data 


P1 


A and E 
(with strobe high) 


46 


ns 


tPHL 


39 


tPLH 


Strobe 


Any Y 


BandC 
or B and D 


30 


ns 


tPHL 


31 


Vlh 


Strobe 


P1 


BandE 


38 


ns 


tPHL 


42 


tPLH 


PO 


P1 


F andG 


23 


ns 


tPHL 


30 



™ t PLH = propagation delay time, low-to-high-level output 
tpHi — propagation delay time, high-to-low-level output 



schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 




Any D: R eq = 2.5 kfi NOM 
PO: R eq = 1 kft NOM 
G: R ea = 0.6 kI2 NOM 



TYPICAL OF ALL OUTPUTS 




"Vcc 



PARAMETER MEASUREMENT INFORMATION 











: R L = 40on 






FROM OUTPUT 












UNDER TEST 




N C L 


= 15pF 




1 

















C|_ includes probe and jig capacitance. 
All diodes are 1 N3064. 

LOAD CIRCUIT 




VOLTAGE WAVEFORMS 

NOTE: Input pulses are supplied by a generator having the following 

characteristics: t r < 7 ns, tf < 7 ns, PRR < 1 MHz, Z out » 50 £1. 

FIGURE 1 -SWITCHING TIMES 
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TYPES SN54LS280. SN54S280, SN74LS280, SN74S280 
9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 

BULLETIN NO. DL-S 7611829, DECEMBER 1972-REVISED OCTOBER 1976 



Generates Either Odd or Even Parity 
for Nine Data Lines 

Cascadable for n-Bits 

Can Be Used to Upgrade Existing 
Systems using MSI Parity Circuits 

Typical Data-to-Output Delay of Only 14 ns 
for 'S280 and 33 ns for 'LS280 

Typical Power Dissipation: 
'LS280 . . . 80 mW 
'S280 ... 335 mW 

FUNCTION TABLE 



NUMBER OF INPUTS A 
THRUI THAT ARE HIGH 


OUTPUTS 


Z EVEN Z ODD 


0, 2. 4, 6, 8 
1,3,5,7,9 


H L 
L H 



SN54LS280, SN54S280 ... J OR W PACKAGE 

SN74LS280, SN74S280 ... J OR N PACKAGE 

(TOP VIEW) 



VCC ' F E D C B 



J^J^U^U^U^JTU^ 










F E C B 

- G A 

Y. S 
H 1 EVEN ODD 







logic: see function table 



H = high level, L = low level 



NC— No internal connection 



description 



These universal, monolithic, nine-bit parity generators/checkers utilize Schottky-clamped TTL high-performance 
circuitry and feature odd/even outputs to facilitate operation of either odd or even parity application. The word-length 
capability is easily expanded by cascading as shown under typical application data. 

Series 54LS/74LS and Series 54S/74S parity generators/checkers offer the designer a trade-off between reduced power 
consumption and high performance. These devices can be used to upgrade the performance of most systems utilizing 
the '180 parity generator/checker. Although the 'LS280 and 'S280 are implemented without expander inputs, the 
corresponding function is provided by the availability of an input at pin 4 and the absence of any internal connection 
at pin 3. This permits the 'LS280 and 'S280 to be substituted for the '180 in existing designs to produce an identical 
function even if 'LS280's and 'S280's are mixed with existing '180's. 

These devices are fully compatible with most other TTL and DTL circuits. AM 'LS280 and 'S280 inputs are buffered to 
lower the drive requirements to one Series 54LS/74LS or Series 54S/74S standard load, respectively. 



schematics of inputs and outputs 

'LS280 



EQUIVALENT OF INPUTS 



v C c 



TYPICAL OF OUTPUTS 



1 20 a. NOM 




vcc 



EQUIVALENT OF INPUTS 



vcc 




TYPICAL OF OUTPUTS 

-vcc 
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TYPES SN54LS280. SN74LS280 
9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) 7 V 

Input voltage 7 y 

Operating free-air temperature range: SN54LS280 -55°Cto125°C 

SN74LS280 0°C to 70°C 

Storage temperature range -65°Cto150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 



recommended operating conditions 





SN54LS280 


SN74LS280 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vrjc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, Iqh 


-0.4 


.4 


mA 


Low-level output current, Iql 


4 


8 


mA 


Operating free-air temperature, T/\ 


-55 125 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


SN54LS280 


SN74LS280 


UNIT 


MIN TYPt MAX 


MIN 


TYPt 


MAX 


V|H 


High-level input voltage 




2 


2 


V 


V| L 


Low-level input voltage 




0.7 


0.8 


V 


V|K 


Input clamp voltage 


Vcc = MIN, 


l| =-18mA 


-1.5 


-1.5 


V 


VOH 


High-level output voltage 


Vcc = MIN, 
V|L = MAX, 


V| H = 2V. 
!OH = —0.4 mA 


2.5 3.4 


2.7 


3.4 




V 


vol 


Low-level output voltage 


V C c = MIN, 
V|L = MAX 


V|H = 2V, 


0.25 0.4 




0.25 


0.4 


V 






0.35 


0.5 


1 1 Input current at maximum input voltage 


V CC = MAX, 


V| = 7 V 


0.1 


0.1 


mA 


l|H 


High-level input current 


Vcc = MAX, 


V| = 2.7 V 


20 


20 


mA 


'IL 


Low-level input current 


Vcc = MAX, 


V| = 0.4 V 


-0.4 


-0.4 


mA 


'OS 


Short-circuit output current§ 


Vcc = MAX 


-20 -100 


-20 




-100 


mA 


ice 


Supply current 


Vcc = MAX - 


See Note 2 


16 27 




16 


27 


mA 



tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAII typical values are at V C c = 5 V, T A = 25°C. 

8 Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
NOTE 2: Iqc is measured with all inputs grounded and all outputs open. 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER^ 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


Data 


£ Even 


C L = 15pF,R L = 2kfi, 
See Note 3 


33 50 


ns 


tPHL 


29 45 


tPLH 


Data 


ZOdd 


23 35 


ns 


tPHL 


31 50 



iitp|_n = propagation delay time, iow-to-hig 
NOTE 3: Load circuit and voltage waveforn 



el output; tpH|_ = propagation delay time, high-to-low-level output 
: shown on page 3-1 1 . 
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TYPES SN54S280, SN74S280 

9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1 ) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54S280 -55°Cto125°C 

SN74S280 0°C to 70°C 

Storage temperature range -65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 



recommended operating conditions 





SN54S280 


SN74S280 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, IfjH 


-1 


-1 


mA 


Low-level output current, Iqi_ 


20 


20 


mA 


Operating free-air temperature, T A 


-55 125 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 1 


MIN TYPt MAX 


UNIT 


V|(-| High-level input voltage 




2 


V 


V||_ Low-level input voltage 




0.8 


V 


V|K Input clamp voltage 


Vcc = M'N, || = -18mA 


-1.2 


V 


VrjH High-level output voltage 


Vcc = MIN, V IH = 2V, 
V| L = 0.8V, l H = - 1mA 


SN54S' 


2.5 3.4 


V 


SN74S' 


2.7 3.4 


Vol Low-level output voltage 


V C c = MIN, V IH = 2V, 
V| L = 0.8V. l L = 20mA 


0.5 


V 


l| Input current at maximum input voltage 


V C c = MAX, V| = 5.5V 


1 


mA 


1 1 1 | High-level input current 


Vcc = MAX, V| = 2.7V 


50 


MA 


l|L Low-level input current 


Vcc = MAX, V|=0.5V 


-2 


mA 


'OS Short-circuit output currentS 


Vcc = MAX 


-40 -100 


mA 


Irjc Supply current 


Vcc = MAX - See Note 2 


SN54S280 


67 99 


mA 


SN74S280 


67 105 


V C c = MAX, T A = 125°C, 
See Note 2 


SN54S280N 


94 


mA 



^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAII typical values are at V C c = 5 V, T A = 25°C. 

§Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
NOTE 2: \qq is measured with all inputs grounded and all outputs open. 



switching characteristics, Vcc = 5 V, Ty\ = 25° C 



PARAMETER 1 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


l PLH 


Data 


2 Even 


C L =15pF, R L =180S2, 
See Note 4 


14 21 


ns 


tPHL 


11.5 18 


tPLH 


Data 


2 Odd 


14 21 


ns 


tPHL 


11.5 18 



'tpLH - propagation delay time, low-to-high-level output; t PHL = propagation delay time, high-to-low-level output 
NOTE 4: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54LS280, SN54S280, SN74LS280, SN74S280 
9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 



functional block diagram 



^Ch 




TYPICAL APPLICATION DATA 



25-LINE PARITY/GENERATOR CHECKER 

Three 'LS280's or 'S280's can be 
used to implement a 25-line parity 
generator/checker. This arrangement 
will provide parity in typically 75 or 
25 nanoseconds respectively. 





A 








C 

D 

E 


Z 
EVEN 










F 
G 
H 
1 


'LS280/ 
'S280 













A 




B 




C 


Z 


D 


EVEN 


E 




F 


Z 


G 


ODD 


H 


'LS280/ 


1 


•S280 













A 
B 
C 
D 

E 








EVEN 










F 
G 
H 
1 


'LS280/ 
'S280 





As an alternative, the outputs of two 
or three parity generators/checkers 
can be decoded with a 2-input CSS6 
or 'LS86) or 3-input CS135) 
exclusive-OR gate for 18- or 27-line 
parity applications. 



81-LINE PARITY/GENERATOR CHECKER 

Longer word lengths can be imple- 
mented by cascading 'LS280's or 
'S280's. As shown here, parity can be 
generated for word lengths up to 81 
bits in typically 75 or 25 nano- 
seconds respectively. 




A 




B 




C 


Z 


D 


EVEN 


E 




F 




G 




H 


'LS280/ 


I 


'S280 
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4-BIT 



TYPES SN54S281, SN74S281 
PARALLEL BINARY ACCUMULATORS 



BULLETIN NO. DL-S 761 2065, FEBRUARY 1974 - REVISED OCTOBER 1976 



Full 4-Bit Binary Accumulator in 
a Single Package 

15 Arithmetic/Logic-Type Operations: 
Add 

Subtract (B-A or A-B) 
Complement 
Increment 
Transfer 
Plus 10 Other Functions 

Full Shifting Capabilities: 
Logic Shift (Left or Right) 
Arithmetic Shift (Left or Right) 
for Sign Bit Protection 
Hold 
Parallel Load 

Expandable to Handle n-Bit Words 
with Full Carry Look-Ahead 

Logic Mode Operation Provides Seven 
Boolean Functions of the Two Variables 



SN54S281 ... J OR W PACKAGE 
SN74S281 ... J OR N PACKAGE 
(TOP VIEW) 



J^MJ^U^lMJ^l^U^^ 




logic: see description and function tables 



description 



These Schottky-clamped four-bit accumulators integrate high-performance versions of an arithmetic logic unit/function 
generator and a shift/storage matrix on a single monolithic circuit bar. The arithmetic logic unit (ALU) portion, similar 
to the SN54S181/SN74S181 circuit, incorporates the capability to perform 16 arithmetic/logic-type operations as 
detailed in Table 1. The accumulator includes an exchange of subtract operands by which either A-B or B-A can be 
accomplished directly. The ALU is controlled by three function-select inputs (ASO, AS1, AS2) and a mode-control 
input (M). When the mode-control input is high, the ALU is placed in a logic mode that performs any of seven logic 
functions on two binary variables as detailed in Table 2. Full carry look-ahead is provided for fast, simultaneous^carry 
generation for the full four binary bits. The carry input (C n ) and propagate and generate outputs (P, G) are 
implemented for direct use with the SN54S182/SN74S182 look-ahead carry generators. This permits systems to be 
Implemented with the added advantage of full look-ahead across any word length to minimize the accumulator delay 
times. Once data is loaded into the accumulator, the typical add time with full look-ahead is 29 nanoseconds for 16-bit 
words. 

The shift/storage matrix is analogous in its capabilities to the SN54S194/SN74S194 universal bidirectional shift register 
with the added advantages of multiplexed input/output (I/O) cascading lines that comprehend arithmetic shift 
functions having a sign bit, such as 2's complements. The matrix can be used to perform either logic or arithmetic shifts 
in either direction (left or right), parallel load, or hold. Control of the register is accomplished with three inputs: 
register control (RC) and register selection (RSO, RS1). The cascading input/output lines incorporate three-state 
outputs multiplexed with an input. The least-significant cascading bit is combined with the A0, F0 circuitry to provide 
the shift-right input and the shift-left output (RI/LO), and the most significant bit is coupled with the A3, F3 circuitry 
to provide the shift-left input and the shift-right output (LI/RO). 

Series 54S circuits are characterized for operation over the full military temperature range of -55°C to 125 C; Series 
74S circuits are characterized for operation from 0°C to 70 C. 



7-410 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 



TYPES SN54S281, SN74S281 
4-BIT PARALLEL BINARY ACCUMULATORS 



FUNCTION TABLES 



TABLE 1-ARITHMETIC FUNCTIONS 
Mode Control (M) = Low 



ALU 
SELECTION 


ACTIVE-HIGH DATA 


C n = H 
(with carry) 


C n = L 
(no carry) 


AS2 AS1 


ASO 


L L 


L 


F =L,F 1 = F 2 =F 3 =H 


F n =H 


L L 


H 


F = B MINUS A 


F = B MINUS A MINUS 1 


L H 


L 


F = AMINUSB 


F = A MINUS B MINUS 1 


L H 


H 


F = APLUSBPLUS 1 


F = A PLUS B 


H L 


L 


F = B PLUS 1 


Fn=B n 


H L 


H 


F = B PLUS 1 


Fn = B n 


H H 


L 


F = A PLUS 1 


Fn = An 


H H 


H 


F = A PLUS 1 


Fn = A n 



TABLE 2-LOGIC FUNCTIONS 

Mode Control (M) = High 
Carry Input (C n ) = X (Irrelevant) 



ALU 
SELECTION 


ACTIVE-HIGH 
DATA FUNCTION 


AS2 AS1 


ASO 


L L 


L 


Fn=L 


L X 


H 


Fn = A n ©B n 


L H 


L 


Fn = A n © B n 


H L 


L 


Fn = A n B n 


H L 


H 


F n = An + B n 


H H 


L 


Fn = A n B n 


H H 


H 


F n = A n + B n 



TABLE 3 - SHIFT-MODE FUNCTIONS 
= M = ASC = AS1 = L, and AS2 = H {F n = B n ) 



FUNCTION 


INPUTS BEFORE t 


CLOCK 
INPUT 


OUTPUTS AFTER t 


REGISTER 

SELECTION 

RSO RSI 


REGISTER 

CONTROL 

INPUT 


INPUT/ 

OUTPUT 

RI/LO 


SHIFT-MATRIX 

INPUTS 
FO F1 F2 F3 


INPUT/ 

OUTPUT 

LI/RO 


INPUT/ 

OUTPUT 

RI/LO 


SHIFT-MATRIX 

OUTPUTS 

(ALU B INPUTS) 

Q A Q B Q C Q D 


INPUT/ 

OUTPUT 

LI/RO 


LOAD 


L L 


X 


Z 


fO f1 f2 f3 


Z 


t 


Z 


fO f1 f2 f3 


Z 


LSL 
LSA 


L H 
L H 


L 
H 


Qa 


Q A Q B Q C Qp 
Q A Q B Q C Qd 


li 
li 


t 


QBn 
QBn 


QBn QCn QDn M 
Q Bn Q Cn I' Q D0 


li 
li 


RSL 
RSA 


H L 
H L 


L 
H 


ri 
ri 


Q A Q B Qc Q D 
Q A Q B Q C Qq 


Qd 
Qc 


t 
t 


ri 
ri 


" Q An Q Bn QCn 
ri Q An Q Bn Q D0 


QCn 
QBn 


HOLD 


H H 
X X 


X 
X 


X 
X 


Q A Q B Q C Q D 
Q A Q B Q C Qd 


X 
X 


t 

L 


Z 
RI/LO 


Q A0 Q B0 Q C0 Q D0 
Q A0 Q B0 Q C0 Q D0 


Z 
LI/RO 



H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 

Z = high impedance (output off) 

t = transition from low to high level 

fO, f1, f2, f3, ri, li = the level of steady-state conditions at FO, F1, F2, F3, RI/LO, or LI/RO respectively 

Q A0- Q B0' °-C0' °-D0 = the level of °-A' °-B> °-C' or °-D' respectively, before the indicated steady-state input conditions were established 

Q An , Qg n , Qcn- Q Dn = tne level of ^A> ^B' ^O or ^D> respectively, before the most recent transition of the clock 

See explanation of function tables on page 3-8. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc ( see Note 1 ) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54S281 (see Note 2) -55°Cto125°C 

SN74S281 0°Cto70°C 

Storage temperature range —65 C to 150 C 

NOTES: 1. Voltage values are with respect to network ground terminal. 

2. An SN54S281 in the W package operating at free-air temperatures above 110°C requires a heat sink that provides thermal 
resistance from case to free-air, RgcA' °^ not m ore than 20 C/W. 
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recommended operating conditions 







SN54S281 


SN74S281 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, loH 


Any output except LI/RO and RI/LO 


-1 


-1 


mA 


LI/ROandRI/LO 


-2 


-2 


Low-level output current, Iol 


Any output except LI/RO and RI/LO 


20 


20 


mA 


LI/ROand RI/LO 


10 


10 


Clock frequency, f c | ck ( for shifting) 


50 


50 


MHz 


Width of clock pulse, tyyfdock) 


8 


8 


ns 


Data setup time with respect to clock, ts U 


Ot 


Ot 


ns 


Data hold time with respect to clock, t n 


18t 


18t 


ns 


Operating free-air temperature, T/\ (see Note 2) 


-55 125 


70 


°C 



f The arrow indicates that the rising edge of the clock pulse is used for reference. 

NOTE 2: An SN54S2S1 in the W package operating at free-air temperatures above 1 10° C requires a heat sink that provides thermal resistance 
from case to free-air, RgcA> of not more than 20 C/W. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 







TEST CONDITIONS* 


SN54S281 


SN74S281 


UNIT 


PARAMETER 


MIN TYPt 


MAX 


MIN 


TYPt 


MAX 


V|h High-level input voltage 




2 


2 


V 


V|i_ Low-level input voltage 




0.8 


0.8 


V 


V|k Input clamp voltage 


Any input except 
LI/ROandRI/LO 


V CC = MIN, 


l| = -18mA 


-1.2 


-1.2 


V 


High-level 
Voh 

output voltage 


Any output except 
LI/ROandRI/LO 


Vcc = M,N . 
V| L = 0.8V, 


V m = 2V, 
Iqh = MAX 


2.5 3.4 


2.7 


3.4 




V 


2.4 3.4 


2.4 


3.4 




LI/RO, RI/LO 


Vql Low-level output voltage 


V cc = MIN, 
V| L = 0.8V, 


V| H = 2V, 
l 0L = MAX 


0.5 


0.5 


V 


1 1 Input current at maximum input voltage 


Vcc = MAX - 


V| = 5.5 V 


1 


1 


mA 


High-level 

■ tH 

input current 


RS0, RS1 


V CC = MAX, 
See Note 3 


V| =2.7 V, 


50 


50 


MA 


M, Clock 


150 


150 


LI/RO, RI/LO 


200 


200 


AS2 


300 


300 


All others 


250 


250 


Low-level 

"IL . 

input current 


RS0, RS1, LI/RO 


V CC = MAX, 
See Note 3 


V| =0.5V 


-2 


-2 




RI/LO 


-3 


-3 


mA 


M, Clock 


-4 


-4 


AS0, AS1 


-6 


-6 


All others 


-8 


-8 


Iqs Short-circuit output current? 


Vcc = MAX 


-40 


-110 


-40 




-110 


mA 


ICC Supply current 


Vcc = MAX, 
T A = 125°C 


W package 
only 




190 




mA 






V C c = MAX 


All packages 


144 


230 




144 


230 



fFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAII typical values are at V cc = 5 V, T A = 25°C. 

§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

NOTE 3. When testing input current at the RI/LO or LI/RO terminals, the output under test must be in the high-impedance (off) state. 
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switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER H 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


C n 


c n+4 


C L = 15 pF, 

I/O outputs: R|_ = 560 n. 
Other outputs: R(_ = 280 £2, 
See Figure 1 


10 


20 


ns 


tPHL 


10 


20 


tPLH 


Any A 


c n+4 


18 


30 


ns 


tPHL 


18 


30 


tPLH 


C n 


Any F 


10 


20 


ns 


tPHL 


10 


20 


tPLH 


Any A 


G 


14 


24 


ns 


tPHL 


14 


24 


tPLH 


Any A 


T 


12 


20 


ns 


tPHL 


12 


20 


tPLH 


Ai 


Fj 


20 


35 


ns 


tPHL 


20 


35 


tPLH 


An 


RI/LO 


30 


45 


ns 


tPHL 


30 


45 


tPLH 


A 3 


LI/RO 


30 


45 


ns 


tPHL 


30 


45 


tPLH 


FO 


RI/LO 


7 


11 


ns 


tPHL 


7 


11 


tPLH 


F3 


LI/RO 


7 


11 


ns 


tPHL 


7 


11 


tPLH 


Any AS 


Any F or 
c n+4 


28 


45 


ns 


tPHL 


28 


45 


tPLH 


Any AS 


PorG 


20 


33 


ns 


tPHL 


20 


33 


tPLH 


Ciock 


Any F 


30 


45 


ns 


tPHL 


30 


45 


tPLH 


Clock 


RI/LO or 
LI/RO 


35 


55 


ns 


tPHL 


35 


55 



i tpLH = Propagation delay time, 
tp|_j|_ = Propagation delay time. 



low-to-high-level output 
high-to-low-level output 



PARAMETER MEASUREMENT INFORMATION 



TEST 

POINT Vcc 



FROM OUTPUT 
UNDER TEST 



(See Note A) 



4-w-<' 
v. 



R|_ 



IN-PHASE 
OUTPUT j 



OUT-OF -PHASE 
OUTPUT 




LOAD CIRCUIT 



VOLTAGE WAVEFORMS 



NOTES: A. Input pulse is supplied by a generator having the following characteristics: t r < 2.5 ns, tf< 2.5 ns, PRR < 1 MHz, Z out » 50 f2. 

B. C|_ inlcudes probe and jig capacitance. 

C. All diodes are 1N916 or 1N3064. 

FIGURE 1 
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TYPICAL APPLICATION DATA 



RIGHT _ 
DATA IN " 
CARRY . 
INPUT 



RI/LO LI/'RO 

C n C n+ 4 
■S281 




RI/LO LI/RO 

C n c n+4 
'S281 




RI/LO LI/RO 

C n C n+ 4 
'S281 




RI/LO LI/RO 

C n C n +4 
•S281 















LEFT 
"DATA IN 
.CARRY 

OUTPUT 



ENTER AND STORE TIME: 38 ns typical 

EACH SUCCESSIVE ADDITION TO STORED DATA: 44 ns typical 

FIGURE A-16-BIT BINARY ACCUMULATOR USING FOUR SN54S281/SN74S281 CIRCUITS 
IN RIPPLE-CARRY MODE 




ENTER AND STORE TIME: 37 ns typical 

EACH SUCCESSIVE ADDITION TO STORED DATA: 29 ns typical 

FIGURE B-16-BIT BINARY ACCUMULATOR USING FOUR SN54S281/SN74S281 CIRCUITS 
AND ONE SN54S182/SN74S182 IN FULL LOOK-AHEAD CARRY MODE 



RIGHT 
DATA IN" 
CARRY- 
INPUT 



C n 



mmm 



'S182 
G P" 



RI/LO 



LI/RO 



MTM 



'S182 
G T 



u 



RI/LO 
C n 



4 
'S281s 



LI/RO 



2 



'S182 
G "P 



RI/LO 



A L| / R0 

4 
'S281s C n+ 4 



SMI 



LEFT 
' DATA IN 
.CARRY 

OUT 



'S182 
G~ T 



C n +y 
'S182 



ENTER AND STORE TIME: 42 ns typical 

EACH SUCCESSIVE ADDITION TO STORED DATA: 34 ns typical 

FIGURE C-64-BIT BINARY ACCUMULATOR USING 16 SN54S281/SN74S281 CIRCUITS AND 
FIVE SN54S182/SN74S182 CIRCUITS FOR FULL CARRY LOOK-AHEAD 



A inputs and F outputs of 'S281 are not shown. 
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BULLETIN NO. DL-S 7611832, OCTOBER 1976 



Full -Carry Look-Ahead Across the Four 
Bits 

Systems Achieve Partial Look-Ahead 
Performance with the Economy of Ripple 
Carry 

Supply Voltage and Ground on Corner 
Pins to Simplify P-C Board Layout 

TYPICAL ADD TIMES 





TWO 


TWO 


TYPICAL POWER 




8-BIT 


16-BIT 


DISSIPATION 


TYPE 


WORDS 


WORDS 


PER ADDER 


'283 


23ns 


43ns 


310 mW 


'LS283 


25ns 


45ns 


95 mW 


'S283 


15ns 


30ns 


510 mW 


description 









SN54283, SN54LS283 ... J OR W PACKAGE 

SN54S283 ... J PACKAGE 

SN74283, SN74LS283, SN74S283 ... J OR N PACKAGE 

(TOP VIEW) 



VCC B3 A3 S3 A4 B4 £4 C4 



n^U^^^^ 










B3 A3 £3 A4 B4 £4 

- £2 C4 - 

B2 A2 £1 A1 B1 CO 







£2 B2 A2 £1 A1 Bl CO GND 



positive logic! see function table 



The '283 and 'LS283 adders are electrically and 
functionally identical to the '83A and 'LS283 , 
respectively; only the arrangement of the terminals 
has been changed. The 'S283 high performance 
versions are also functionally identical. 

These improved fuii adders perform the addition of 
two 4-bit binary words. The sum (2) outputs are 
provided for each bit and the resultant carry (C4) is 
obtained from the fourth bit. These adders feature 
full internal look-ahead across all four bits generating 
the carry term in ten nanoseconds, typically, for the 
'283 and 'LS283, and 7.5 nanoseconds for the 'S283. 
This capability provides the system designer with 
partial look-ahead performance at the economy and 
reduced package count of a ripple-carry 
implementation. 

The adder logic, including the carry, is implemented 
in its true form. End around carry can be accomplish- 
ed without the need for logic or level inversion. 

Series 54, Series 54LS, and Series 54S circuits are 
characterized for operation over the full temperature 
range of -55°C to 125°C. Series 74, Series 74LS, and 
Series 74S circuits are characterized for 0°C to 70°C 
operation. 



FUNCTION TABLE 











OUTPUT 




WHEN y^ 


WHEN S* 




INPUT 




C0= L yS 

y^miwn 

/ C3»L 


C0 = H ./ 

;/ WHOf. 
X Ct»K 


A1 / 


B1 / 


A2/ 


B2y^ 


LI / 


•£.2/ 


C2/ 


"!/" 


12 / 


C2 \/ 


/ A3 


/«& 


/ M 


/'** 


/X3 


/e« 


/c* 


/E3 


/tA 


/<<* 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


H 


L 


L 


L 


H 


L 


L 


L 


H 


L 


L 


H 


L 


L 


H 


L 


L 


L 


H 


L 


H 


H 


L 


L 


L 


H 


L 


H 


H 


L 


L 


L 


H 


L 


L 


H 


L 


H 


H 


L 


H 


L 


H 


L 


H 


H 


L 


L 


L 


H 


L 


H 


H 


L 


H 


H 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


H 


H 


L 


H 


L 


L 


L 


H 


L 


H 


L 


H 


H 


L 


H 


L 


L 


H 


H 


H 


L 


L 


L 


H 


L 


H 


L 


H 


H 


H 


L 


L 


L 


H 


H 


H 


L 


H 


L 


L 


H 


H 


L 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


H 


H 


L 


H 


H 


H 


L 


H 


L 


H 


H 


L 


H 


H 


H 


H 


L 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 



H = high level, L = low level 

NOTE: Input conditions at A1, B1, A2, B2, and CO are used to 
determine outputs 21 and 22 and the value of the internal 
carry C2. The values at C2, A3, B3, A4, and B4 are then 
used to determine outputs 23, 24, and C4. 
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I 



functional block diagram and schematics of inputs and outputs 




•283 



EQUIVALENT OF 


TYPICAL OF ALL 


EACH INPUT 


OUTPUTS 






T V CC 

r 


Ir 




A eq 


~<J 


INPUT— | 




f 


TS 


* ; 


I 
I 

7 


* — -I OUTPUT 




n 


~4 


CO input: R eq = 4kfiN0M 


C4 output: R = 100 n NOM 


Any A or B: R^ = 3.5 kf2 NOM 


Any S: R = 120 fi NOM 



EQUIVALENT OF 
EACH INPUT 



v C c- 



* 



CO input: R^ = 17 kfi NOM 
Any A or B: Req = 8.5 kf2 NOM 



TYPICAL OF ALL OUTPUTS 




-v C c 



EQUIVALENT OF 
EACH INPUT 



vcc- 



£2.8 kfi NOM 



TYPICAL OF ALL OUTPUTS 

" V CC 
50 n NOM' 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc ( see Note D ^ 

Input voltage: '283, 'S283 5.5V 

'LS283 7V 

I nteremitter voltage (see Note 2) 5.5V 

Operating free-air temperature range: SN54283, SN54LS283, SN54S283 -55°Cto125°C 

SN74283, SN74LS283, SN74S283 0°C to 70°C 

Storage temperature range —65 C to 150 C 

NOTES: 1 . Voltage values, except interemitter voltage,.are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. This rating applies for the '283 and 'S2S3 only between 
the following pairs: A1 and B1 , A2 and B2, A3 and B3, A4 and B4. 
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recommended operating conditions 





SN54283 


SN74283 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply Voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, Ioh 


Any output except C4 


-800 


-800 


MA 


Output C4 


-400 


-400 


Low-level output current, Iol 


Any output except C4 


16 


16 


mA 


Output C4 


8 


8 


Operating free-air temperature, T/\ 


-55 125 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 







TEST CONDITIONS 1 


SN54283 


SN74283 


UNIT 




MIN TYPt MAX 


MIN TYPt MAX 


Vjh High-level input voltage 




2 


2 


V 


V||_ Low-level input voltage 




0.8 


0.8 


V 


V|« Input clamp voltage 


Vcc = MIN, l| = -12mA 


-1.5 


-1.5 


V 


Vqh High-level output voltage 


V CC = MIN, V|H = 2V, 
V||_ = 0.8 V, Ioh ~ *v"AX 


2.4 3.6 


2.4 3.6 


V 


Vol Low-level output voltage 


V C c = MIN, V| H = 2V, 
V| L = 0.8V, Iql = m AX 


0.2 0.4 


0.2 0.4 


V 


Input current at maximum 
l| 

input voltage 


V C c = MAX, V| = 5.5V 


1 


1 


mA 


I IH High-level input current 


V CC = MAX, V| = 2.4V 


40 


40 


MA 


l|L Low-level input current 


V cc = MAX, V| = 0.4 V 


-1.6 


-1.6 


mA 


Short-circuit 
Inc s 
output currents 


Any output except C4 


Vcc = MAX 


-20 -55 


-18 -55 


mA 


Output C4 


-20 -70 


-18 -70 




Vcc = MAX - 
Outputs open 


All B low, other 
inputs at 4.5 V 


56 


56 


mA 






All inputs at 
4.5 V 


66 99 


66 110 



* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
Jam typical values are at Vqc = 5 V, T A = 25°C. 
SOnly one output should be shorted at a time. 



switching characteristics, Vcc = 5 V, Ta 


= 25°C 










parameterU 


FROM (INPUT) 


TO (OUTPUT) 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


CO 


Any 2 


C L =15pF, R L = 400n, 
See Note 3 


14 


21 


ns 


tPHL 


12 


21 


tPLH 


Aj or Bj 


2i 


16 


24 


ns 


tPHL 


16 


24 


tPLH 


CO 


C4 


C|_=15pF, R L = 780n, 
See Note 3 


9 


14 


ns 


tPHL 


11 


16 


tPLH 


Aj or Bj 


C4 


9 


14 


ns 


tPHL 


11 


16 



]'tp|_|_j — Propagation delay time, low-to-high-level output 
T.pHL = Propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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recommended operating conditions 




SN54LS283 


SN74LS233 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, IrjH 


-400 


-400 


MA 


Low-level output current, loi_ 


4 


8 


mA 


Operating free-air temperature, T^ 


-55 125 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


— — 

TEST CONDITIONS 1 " 


SN54LS283 


SN74LS283 


UNIT 


MIN TYP* 


MAX 


MIN 


TYPt 


MAX 


V|H 


High-level input voltage 




2 


2 


V 


V| L 


Low-level input voltage 




0.7 


0.8 


V 


V|K 


Input clamp voltage 


V CC =MIN, 


l| = -18mA 




-1.5 


-1.5 


V 


VOH 


High-level output voltage 


V C c = M 'N, 
'OH = -400 mA 


V| H = 2V, 


V||_ = V|l max. 


2.5 3.4 


2.7 


3.4 




V 


vol 


Low-level output voltage 


V C c= MIN, 
V||_ = V|i_ max 


V, H = 2V, 


'OL = 4 mA 


0.25 


0.4 




0.25 


0.4 


V 


Iql = 8 mA 






0.35 


0.5 


Input current 

1 1 at maximum 

input voltage 


Any A or B 


V CC = MAX, 


V| -7 V 




0.2 


0.2 


mA 


CO 


0.1 


0.1 


hH 


High-level 
input current 


Any A or B 


Vcc= MAX, 


V| = 2.7 V 




40 


40 


MA 


CO 


20 


20 


"IL 


Low-level 
input current 


Any A or B 


Vcc = MAX, 


V| = 0.4 V 




-0.8 


-0.8 


mA 


CO 


-0.4 


-0.4 


•os 


Short-circuit output current! 


Vcc= MAX 


-20 


-100 


-20 




-100 


mA 


ice 


Supply current 


Vcc = MAX - 
Outputs open 


All inputs 
grounded 


22 


39 




22 


39 


mA 


All B low, other 
inputs at 4.5 V 


19 


34 




19 


34 






All inputs at 
4.5 V 


19 


34 




19 


34 



*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

4 All typical values are at Vqq = 5 V, T A = 25 C. 

SOniy one output shouid be shorted at a time and duration of the short-circuit should not exceed or.a second. 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER^ 


FROM (INPUT) 


TO (OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


CO 


Any S 


C L =15pF, R L = 2kfi, 
See Note 4 


16 24 


ns 


tPHL 


15 24 


tPLH 


Aj or Bj 


2i 


15 24 


ns 


tPHL 


15 24 


tPLH 


CO 


C4 


11 17 


ns 


tPHL 


11 22 


tPLH 


Ajor Bj 


C4 


11 17 


ns 


tPHL 


12 17 



f tp LH = Propagation delay time, low-to-high-level output 
*PHL — Propagation delay time, high-to-low-level output 
NOTE 4: Load circuit and voltage waveforms are shown on page 3-1 1. 
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recommended operating conditions 







SN54S283 


SN74S283 


UNIT 




MIN 


NOM MAX 


MIN 


NOM MAX 


Supply voltage, Vqq 


4.5 


5 5.5 


4.75 


5 5.25 


V 


High-level output current, Iqh 


Any output except C4 


-1 


-1 


mA 
/uA 


Output C4 


-500 


-500 


Low-level output current, Iql 


Any output except C4 


20 


20 


mA 


Output C4 


10 





Operating free-air temperature, T^ 


-55 


125 





70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN 


TYPf 


MAX 


UNIT 


V|H 


High-level input voltage 




2 


V 


V" 


Low-leva! input voltage 




n o 


V 


V|K 


Input clamp voltage 


V CC = MIN, 


l| =-18mA 


-1.2 


V 


VOH 


High-level output voltage 


SN54S283 


V C C = MIN, 


V,h = 2V, 


2.5 


3.4 




V 


SN74S283 


V| L = 0.8V, 


I OH = MAX 


2.7 


3.4 




vol 


Low-level output voltage 


V CC = MIN, 
V| L = 0.8 V, 


V|H = 2V, 
Iql = MAX 


0.5 


V 


Input current at maximum 
input voltage 


Vcc = MAX, 


V| = 5.5 V 


1 


mA 


l|H 


High-level input current 


V CC = MAX, 


V| = 2.7 V 


50 


uA 


hL 


Low-level input current 


V CC = MAX, 


V| = 0.5 V 


-2 


mA 


'OS 


Short-circuit 
output currenti 


Any output except C4 


VCC MAX 


-40 




-100 


mA 


Output C4 


-20 




-100 


ice 




Vcc = M AX, 
Outputs open 


All B low, other 
inputs at 4.5 V 


80 


mA 








All inputs at 
4.5 V 




95 


160 



'For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 
type, 
f All typical values are at Vfjc = 5 V, T/^ = 25°C. 
3 Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 



switching characteristics, Vqq = 5 V, T^ = 25°C 



PARAMETER^ 


FROM (INPUT) 


TO (OUTPUT) 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


tPLH 


CO 


Any 2 


C L = 15 pF, R L = 280 n. 
See Note 3 


11 


18 


ns 


tPHL 


12 


18 


tPLH 


A; or Bj 


2i 


12 


18 


ns 


tPHL 


11.5 


18 


tPLH 


CO 


C4 


C L = 15 pF, R L = 560 n, 
See Note 3 


6 


11 


ns 


tPHL 


7.5 


11 


tPLH 


Aj or Bj 


C4 


7.5 


12 


ns 


tPHL 


8.5 


12 



iltpLH = Propagation delay time, low- to-high-level output 
*PHL = Propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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TYPES SN54284, SN54285. SN74284, SN74285 
4-BIT-BY-4-BIT PARALLEL BINARY MULTIPLIERS 

BULLETIN NO. DL-S 7211741, MAY 1972-REVISED DECEMBER 1972 



Fast Multiplication of Two Binary Numbers 
8-Bit Product in 40 ns Typical 

Expandable for N-Bit-by-n-Bit Applications: 
16-Bit Product in 70 ns Typical 
32-Bit Product in 103 ns Typical 

Fully Compatible with Most DTL and 
TTL Circuits 

Diode-Clamped Inputs Simplify System 
Design 



description 

These high-speed TTL circuits are designed to be used 
in high-performance parallel multiplication applica- 
tions. When connected as shown in Figure A, these 
circuits perform the positive-logic multiplication of 
two 4-bit binary words. The eight-bit binary product 
is generated with typically only 40 nanoseconds 
delay. 

This basic four-by-four multiplier can be utilized as a 
fundamental building block for implementing larger 
multipliers. For example, the four-by-four building 
blocks can be connected as shown in Figure B to 
generate submultipie partial products. These results 
can then be summed in a Wallace tree, and, as 
illustrated, will produce a 16-bit product for the two 
eight-bit words typically in 70 nanoseconds. 
SN54H183/SN74H183 carry-save adders and 
SN54S181/SN74S181 arithmetic logic units with the 
SN54S182/SN74S182 look-ahead generator are used 
to achieve this high performance. The scheme is 
expandable for implementing N X M bit multipliers. 

schematics of inputs and outputs 



EQUIVALENT OF 
EACH INPUT 




TYPICAL OF 
ALL OUTPUTS 




SN54284 ... J OR W PACKAGE 

SN74284 ... J OR N PACKAGE 

(TOP VIEW) 



WORD ENABLE 
INPUT A 

VcC 2D 'GA GB 



OUTPUTS 

A 



yt\ 





16 


. 15 . 


14 . 


W . 


12 . 


n . 


11 




i 






V ) 
















2D ENABLE Y4 Y5 Y6 

2C Y7 

2B 2A 1D 1A IB 1C 






I I I I I I 








1 




2 


3 


4 




5 




B 




r 




i 





v 

WORD INPUTS 



J\L 



\r 

WORD INPUTS 



IB 1C/ GND 



positive logic: see description 



SN54285 ... J OR W PACKAGE 
SN74285 ... J OR N PACKAGE 
(TOP VIEW) 











WORD 


ENABLE OUTPUTS 

A A 








Vcc 2D 


'GA GB 


'Y0 Y1 Y2 Y3 X 








16 


. 15 . 


14 


13 . 


12 . 


11 . 


16 


. 9 













W 


















_ V 


/ 










_2D ENABLE Y0 Y1 Y2 

2C Y3 

2B 2A 1D 1A IB 1C 






| 1 1 ! 1 1 






1 


2 


3 


4 


5 


6 


7 


1 






X 2C 


2B 2A, 


x ID 1A 1B 1C / 


GND 




V 
WORD INPUTS 


V 
WORD INPUTS 




positive logic: see description 



The SN54284 and SN54285 are characterized for 
operation over the full military temperature range of 
-55°C to 125°C; the SN74284 and SN74285 are 
characterized for operation from 0°C to 70°C. 
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TYPES SN54284, SN54285, SN74284, SN74285 
4-BIT-BY-4-BIT PARALLEL BINARY MULTIPLIERS 
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TYPES SN54284. SN54285, SN74284, SN74285 
4-BIT-BY-4-BIT PARALLEL BINARY MULTIPLIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



7V 
5.5 V 



Supply voltage, Vqc (see Note 1) 

Input voltage o 

Operating free-air temperature range: SN54' Circuits -55 C to 125^ C 

SN74' Circuits 0°C to 70°C 

Storage temperature range _65 Cto150C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 



Supply voltage, Vcc 



High-level output voltage, Vqh 



Low-level output current, Iql 



Operating free-air temperature, T^ 



SN 54284 
SN54285 



MIN NOM MAX 



SN74284 
SN74285 



MIN NOM MAX 



UNIT 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN TYPt 


MAX 


UNIT 


Vm High-level input voltage 




2 


V 


V | l Low-level input voltage 




0.8 




V| Input clamp voltage 


Vcc =M,N . l| = -12mA 


-1.5 


V 


IfJH High-level output current 


V C C = M| N. V|H = 2V, 
V| L = 0.8V, V H = 5-5V 


40 


J"A 




Vcc = MIN ' 
V| H = 2V, 
V| L = 0.8V 


Iql = 12 mA 


0.4 


V 


Vol Low-level output voltage 


Iql= 16 mA 


0.45 


1 1 1 nput current at maximum input voltage 


Vcc = MAX, V| = 5.5V 


1 


mA 


l|l_) High-level input current 


Vcc = MAX - v l = 2A V 


40 


MA 


III Low-level input current 


Vcc = MA X, v l = °- 4 V 






Ice Supply current 


V C C = MAX, 
T A = 125°C, 
See Note 2 


SN 54284, SN 54285 
N package only 


99 


mA 


Vcc = MAX - 
See Note 2 


SN 54284, SN 54285 


92 


110 




SN74284, SN74285 


92 


130 



t F or conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions for the applicable device 

type- _ 

£o« S^TuZTiS?^ bot^e'nputs grounded. I cc is measured first b y selecting an output product which contains three or 
more high-level bits, then by selecting an output product which contains four low-level bits. 



switching characteristics, Vcc = 5 V, Ta - 25° C 



PARAMETER 



tpi_H Propagation delay time, low-to-high-level output from enable 



tpHL Propagation delay time, high-to-low-level output from enable 



■•rnL. • •"> — =» -- • ■ : — 

tp|_H Propagation delay time, low-to-high-level output from word inputs 



T Ln •■■*■ — g ■ ■ 

tpHL Propagation delay time, high-to-low-level output from word inputs 



TEST CONDITIONS 



MIN TYP MAX 



C|_ = 30pF toGND, 
R L -| = 300 n to V C c, 
R|_2 = 6O0n toGND, 
See Note 3 



20 



30 



30 



60 



60 



UNIT 



NOTE 3: Load circuit is as described above; waveforms are shown on page 3-10. 
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TYPES SN54290. SN54293, SN54LS290, SN54LS293 

SN74290. SN74293. SN74LS290, SN74LS293 

DECADE AND 4-BIT BINARY COUNTERS 

BULLETIN NO. DL-S 7611833, MARCH 1974-REVISED OCTOBER 1976 



'290, 'LS290 . . . DECADE COUNTERS 
'293, 'LS293 . . . 4-BIT BINARY COUNTERS 

GND and Vgc on Corner Pins 
(Pins 7 and 14 Respectively) 



description 



The SN54290/SN74290, SN54LS290/SN74LS290, 
SN54293/SN74293, and SN54LS293/SN74LS293 
counters are electrically and functionally identical to 
the SN5490A/SN7490A, SN54LS90/SN74LS90, 
SN5493A/SN7493A, and SN54LS93/SN74LS93, 
resoective!". Qn'v the arrangement of the terminals 
has been changed for the '290, 'LS290, '293, and 
"LS293. 

Each of these monolithic counters contains four 
master-slave flip-flops and additional gating to pro- 
vide a divide-by-two counter and a three-stage binary 
counter for which the count cycle length is divide- 
by-five for the '290 and 'LS290 and divide-by-eight 
forthe'293and'LS293. 

All of these counters have a gated zero reset and the 
'290 and 'LS290 also have gated set-to-nine inputs for 
use in BCD nine's complement applications. 

To use the maximum count length (decade or four-bit 
binary) of these counters, the B input is connected to 
the Qa output. The input count pulses are applied to 
input A and the outputs are as described in the 
appropriate function table. A symmetrical divide-by- 
ten count can be obtained from the '290 and 'LS290 
counters by connecting the Qrj output to the A input 
and applying the input count to the B input which 
gives a divide-by-ten square wave at output Q/\. 



SN54290, SN54LS290 ... J OR W PACKAGE 

SN74290, SN74LS290 ... J OR N PACKAGE 

(TOP VIEW) 






Ro<2) Rod) ? Y 



R9(2) Qc QB 



liJlininiTLiTHliT 

R9(1) NC Rg(2) v°C QB / NC GND 

OUTPUTS 



positive logic: see function tables 



SN54293, SN54LS293 ... J OR W PACKAGE 
SN74293, SN74LS293 ... J OR N PACKAGE 
(TOP VIEW) 



OUTPUTS 






U 



iiniTLiriiriAriirLir 

NC NC NC v Qc Qb , NC GND 



positive logic: see function tables 



NC— No internal connection 
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TYPES SN54290. SN54293, SN54LS290, SN54LS293, 
SN74290, SN74293. SN74LS290, SN74LS293 
DECADE AND 4-BIT BINARY COUNTERS 



'290/LS290 

BCD COUNT SEQUENCE 

(See Note A) 



COUNT 


OUTPUT 


O-D QC °B Q A 





L L L L 


1 


L L L H 


2 


L L H L 


3 


L L H H 


4 


L H L L 


5 


L H L H 


6 


L H H L 


7 


L H H H 


8 


H L L L 


9 


H L L H 



'290/LS290 

BIQUINARY (5-2) 

(See Note B) 



COUNT 


OUTPUT 


Q A Q D Qc Qb 





L L L L 


1 


L L L H 


2 


L L H L 


3 


L L H H 


4 


L H L L 


5 


H L L L 


6 


H L L H 


7 


H L H L 


s 


H L H H 


9 


H H L L 



'290, 'LS290 
RESET/COUNT FUNCTION TABLE 


RESET INPUTS 


OUTPUT 


ROU) R 0(2) R 9(1) R 9I2I 


Q D Qc Q B Qa 


H H L X 


L L L L 


H H X L 


L L L L 


X X H H 


H L L H 


X L X L 


COUNT 


L X L X 


COUNT 


L X X L 


COUNT 


X L L X 


COUNT 



'293, 'LS293 
RESET/COUNT FUNCTION TABLE 



A. Output O-a is connected to input B for BCD count. 

B. Output Op is connected to input A for bi-quina 
count. 

C. Output Qfr is connected to input B. 

D. H = high level, L = low level, X = irrelevant 



RESET INPUTS 


OUTPUT 


"0(1! R 0(2) 


Q Qc Q B Qa 


H H 


L L L L 


L X 


COUNT 


X L 


COUNT 



'293, 'LS293 

COUNT SEQUENCE 

(See Note C) 



COUNT 


OUTPUT 


Qd 


Qc Qb 


Qa 





L 


L L 


l 


1 


L 


L L 


H 


2 


L 


L H 


L 


3 


L 


L H 


H 


4 


L 


H L 


L 


5 


L 


H L 


H 


6 


L 


H H 


L 


7 


L 


H H 


H 


8 


H 


L L 


L 


9 


H 


L L 


H 


10 


H 


L H 


L 


11 


H 


L H 


H 


12 


H 


H L 


L 


13 


H 


H L 


H 


14 


H 


H H 


L 


15 


H 


H H 


H 



functional block diagrams 

'290, 'LS290 



R9dl 
R 9(2) 



(D 

3> 



(10) 



(11) 



n 



Ron 

R0(2) 



(12) 



jjj )o- 



J Q 
-o>CK 

K 
_ZF" 



[fa 



-c>CK 
K 



J Q 
-o>CK 



? 



(9) 



)s Q 



of>CK 

R Q 



(5) 



Qa 



Qb 



(10) 



Hi) 



(4) 



Qc 



(8) 



Qd 



R 0(1) 
R0(2) 



(12) 



J Q 
-o>CK 
K 



J 



(13) 



O^ 1 



J Q 
-o>CK 
K 



J Q 
k^CK 
K 



J Q 
u o>CK 



(9) 



Qa 



(5) 



Qb 



■9 Qc 



(8) 



Qd 



The J and K inputs shown without connection are for reference only and are functionally at a high level. 



7424 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



TYPES SN54290, SN54293. SN74290, SN74293 
DECADE AND 4-BIT BINARY COUNTERS 



schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

v C c- 




B C290) 
B C293) 
All resets 



R eq NOM 
2.5 k£2 
1.25 k« 
2.5 kfi 
6 kfi 



TYPICAL OF ALL OUTPUTS 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc ( see Note 1) 7 V 

Input voltage 5.5 V 

Interemitter voltage (see Note 2) 5.5 V 

Operating free-air temperature range: SN54' Circuits -55°Cto125°C 

SN74' Circuits « 0°C to 70°C 

Storage temperature range -65°Cto150°C 

NOTES: 1 . Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For these circuits, this rating applies between the two 
Rq inputs, and for the '290 circuit, it also applies between the two R 9 inputs. 



recommended operating conditions 





SN54' 


SN74' 


UNIT 


MIN 


NOM 


MAX 


MIN 


NOM 


MAX 


Supply voltage, Vfjc 


4.5 


5 


5.5 


4.75 


5 


5.25 


V 


High-level output current, Iqh 


-800 


-800 


MA 


Low-level output current, Iql 


16 


16 


mA 


Count frequency, fcount 


A input 







32 







32 


MHz 


B input 







16 







16 


Pulse width, t w 


A input 


15 


15 


ns 


B input 


30 


30 


Reset inputs 


15 


15 


Reset inactive-state setup time, t su 


25 


25 


ns 


Operating free-air temperature, T/^ 


-55 




125 







70 


°C 
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TYPES SN54290, SN54293, SN74290, SN74293 
DECADE AND 4-BIT BINARY COUNTERS 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


'290 


'293 


UNIT 


MIN 


TYPt 


MAX 


MIN 


TYPt 


MAX 


V|H 


High-level input voltage 






2 


2 


V 


V|L 


Low-level input voltage 






0.8 


0.8 


V 


V|K 


Input clamp voltage 




Vcc = MIN - 


1, = -12mA 


-1.5 


-1.5 


V 


VOH 


High-level output voltage 




Vcc = MiN - 
V| L = 0.8V, 


V|H = 2V. 
I H = -80° MA 


2.4 


3.4 




2.4 


3.4 




V 


vol 


Low-level output voltage 




Vcc = MIN ' 
V| L = 0.8V, 


V| H = 2V, 
IOL= 16 mA H 




0.2 


0.4 




0.2 


0.4 


V 


l| Input current at maximum input voltage 


Vqc = MAX, 


V| = 5.5 V 


1 


1 


mA 


l|H 


High-level input current 


Any reset 


Vcc = MAX - 


V| = 2.4V 


40 


40 


/jA 


A input 


80 


80 


B input 


120 


80 


hL 


High-level input current 


Any reset 
A input 


V C c = M AX, 


V| = 0.4V 


—1.6 
-3.2 


-3.2 


mA 


B input 


-4.8 


-3.2 


'OS 


Short-circuit output current§ 




Vqc = MAX 


| SN54' 


-20 




-57 


-20 




-57 


mA 


1 SN74' 


-18 




-57 


-18 




-57 


•cc 


Supply current 




Vcc = MAX - 


See Note 3 




29 


42 




26 


39 


mA 



t F or conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
t All typical values are at V cc = 5 V, T A = 25 C. 

tZ Zp^r^rrC-t rX ^ »*. * . 1L «* *. B input. This permits driving the B input whi, maintaining full 
NOTE3: Tcc^smeasured with all outputs open, both R inputs grounded following momentary connection to 4.5 V, and .11 other inputs 
grounded. 



switching characteristics, Vcc = 


5V,Ta = 25°C 












PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


'290 


'293 


UNIT 


MIN TYP 


MAX 


MIN TYP 


MAX 


f max 


A 


Qa 


C L = 15 pF, 
R L = 400n, 
See Note 4 


32 42 


32 42 


MHz 


B 


Qb 


16 


16 


tDi i-j 


A 


Qa 


10 


16 


10 


16 


ns 




12 


18 


12 


18 


tPLH 


A 


Qd 


32 


48 


46 


70 


ns 


34 


50 


46 


70 


tPHL 


tPLH 


B 


Qb 


10 


16 


10 


16 


ns 


14 


21 


14 


21 


tPHL 


tPLH 


B 


Qc 


21 


32 


21 


32 


ns 


23 


35 


23 


35 


tPHL 


tPLH 


B 


Qd 


21 


32 


34 


51 


ns 


23 


35 


34 


51 


tPHL 


tPHL 


Set-to-0 


Any 


26 


40 


26 


40 


ns 


tPLH 


Set-to-9 


Qa-Qd 


20 


30 




ns 


tPHL 


Qb- q c 


26 


24 





° f max — maximum count frequency 

tpLH = propagation delay time, low-to-high-level output 

tpHi = propagation delay time, high-to-low-level output 
NOTE 4: Load circuit and voltage waveforms are the same as those shown for the '90A and '93A, page 3-10. 
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TYPES SN54LS290. SN54LS293, SN74LS290, SN74LS293 
DECADE AND 4-BIT BINARY COUNTERS 



schematics of inputs and outputs 



REVISED OCTOBER 1976 



EQUIVALENT OF EACH RESET INPUT EQUIVALENT OF A AND B INPUTS TYPICAL OF ALL OUTPUTS 



T*- 



if 2: 



Vcc— t 




NOMINAL VALUES 



A 10 kSi 10 kn 10 k« 

B CLS290) 6.7 kI2 6.7 kJ2 5 kfi 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc < see Note 5) 7 V 

Input voltage: R inputs 7 V 

A and B inputs 5.5 V 

Operating free-air temperature range: SN54LS290, SN54LS293 -55°C to 125°C 

SN74LS290, SN74LS293 0°C to 70° C 

Storage temperature range -65°Cto150°C 

NOTE 5: Voltage values are with respect to network ground terminal. 



recommended operating conditions 





SN54LS' 


SN74LS' 


UNIT 


MIN NOM 


MAX 


MIN NOM 


MAX 


Supply voltage, Vcc 


4.5 5 


5.5 


4.75 5 


5.25 


V 


High-level output current, IrjH 


-400 


-400 


MA 


Low-level output current, Iql 


4 


8 


mA 


Count frequency, f CO unt 


A input 





32 





32 


MHz 


B input 





16 





16 


Pulse width, t w 


A input 


15 


15 


ns 


B input 


30 


30 


Reset inputs 


15 


15 


Reset inactive-state setup time, t$ u 


25 


25 


ns 


Operating free-air temperature, T^ 


-55 


125 





70 


°C 
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TYPES SN54LS290, SN54LS293. SN74LS290, SN74LS293 
DECADE AND 4-BIT BINARY COUNTERS 



REVISED OCTOBER 1976 









TE 






SN54LS' 


SN74LS' 


UNIT 




PARAMETER 


3T CONDITIONS 1 


MIN TYP* 


MAX 


MIN TYP* 


MAX 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.7 


0.8 


V 


V|K 


Input clamp voltage 


Vcc= M ' N > 


l| = -18mA 


-1.5 


-1.5 


V 


VOH 


High-level output voltage 


Vcc= MIN . 
Vj|_ = V| |_ max. 


V IH = 2V, 
I oh = -400mA 


2.5 3.4 


2.7 3.4 


V 


vol 


Low-level output voltage 


Vcc= MIN , 
V|i_ = V|l max 


V|H = 2V, 


l L = 4mAH 


0.25 


0.4 


0.25 


0.4 


V 


IOL=8mAf 




0.35 


0.5 


Input current 

1 1 at maximum 

input voltage 


Any reset 


Vcc = MAX - 


V| = 7V 


0.1 


0.1 


mA 




Vqc = MAX, 


V| = 5.5V 


0.2 


0.2 


B of 'LS290 


0.4 


0.4 


B of 'LS293 


0.2 


0.2 


l|H 


High-level 
input current 




Vcc = MAX ' 


V ( = 2.7 V 


20 


20 


M A 




40 


40 


B of 'LS290 


80 


80 


B of 'LS293 


40 


40 


ML 


Low-level 
output current 




Vcc= MAX, 


V| = 0.4V 


-0.4 


-0.4 


mA 




-2.4 


-2.4 


B of 'LS290 


-3.2 


-3.2 


Bof 'LS293 


-1.6 


-1.6 


'OS 


Short-circuit output current? 


Vcc = MAX 


-20 


-100 


-20 


-100 


mA 


ice 




Vcc = MAX ' 


See Note 3 


'LS290 


9 


15 


9 


15 


mA 


Supply current 




'LS293 


9 


15 


9 


15 



tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

^All typical values are at V C f- = 5 V, Ta = 25 C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

1Q A outputs are tested at specified l OL Plus the limit value of l IL for the B input. This permits driving the B input wh.le maintaining full 

NOTE 3* Tctfis measured with all outputs open, both R inputs grounded following momentary connection to 4.5 V, and all other inputs 
grounded. 



switching characteristics, Vcc = 


5V,Ta = 25°C 
















FROM 


TO 
(OUTPUT) 


TEST CONDITIONS 


'LS290 


'LS293 


UNIT 


PARAMETER 


(INPUT) 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


'max 


A 


Qa 


C L = 15 pF, 
R L = 2 k«, 
See Note 6 


32 


42 




32 


42 




MHz 


B 


Qb 


16 


16 


tPLH 


A 


Qa 




10 


16 




10 


16 


ns 




12 


18 




12 


18 


tPHL 


tPLH 


A 


Qd 




32 


48 




46 


70 


ns 




34 


50 




46 


70 


tPHL 


tPLH 


B 


Qb 




10 


16 




10 


16 


ns 




14 


21 




14 


21 


tPHL 


«PLH 


B 


Qc 




21 


32 




21 


32 


ns 




23 


35 




23 


35 


tPHL 


tPLH 


B 


Qd 




21 


32 




34 


51 


ns 


*PHL 




23 


35 




34 


51 


tPHL 


Set-to-0 


Any 




26 


40 




26 


40 


ns 


tPLH 


Set-to-9 


Qa.Qd 




20 


30 




ns 


tPHL 


Qb. q c 




26 


40 





°1 max = maximum count frequency 

t PLH = propagation delay time, low-to-high-level output 

t PHL = propagation delay time, high-to-low-level output 
NOTE 6: Load circuit and voltage waveforms are the same as those shown for the 'LS90 and 'LS93, pages 7-80. 
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TYPES SN54LS295B, SN74LS295B 

4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 

WITH 3-STATE OUTPUTS 

BULLETIN NO. DL-S 7611780, OCTOBER 1976 



'LS295B Offers Three Times the 
Sink-Current Capability of 'LS295A 

Schottky-Diode-Clamped Transistors 

Low Power Dissipation ... 80 mW Typical 
(Enabled) 

• Applications: 

N-Bit Serial-To-Parallel Converter 
IM-Bit Parallel-To-Serial Converter 
N-Bit Storage Register 

description 

These 4-bit registers feature parallel inputs, parallel 
outputs, and clock, serial, mode, and output control 
inputs. The registers have three modes of operation: 
Parallel (broadside) load 
Shift right (the direction Qa toward Qq) 
Shift left (the direction Qn toward Q^l 



SN54LS295B ... J OR W PACKAGE 
SN74LS295B ... J OR N PACKAGE 
(TOP VIEW) 



v cc Qa Qb Qc op n c lock c ontro l 



Qa Qb Qc Qd 



I A BCD MODE 



MODE 



TmininirCininif 



logic: see function tabie 



Parallel loading is accomplished by applying the four bits of data and taking the mode control input high. The data is 
loaded into the associated flip-flops and appears at the outputs after the high-to-low transition of the clock input. 
During parallel loading, the entry of serial data is inhibited. 

Shift right is accomplished when the mode control is low; shift left is accomplished when the mode control is high by 
connecting the output of each flip-flop to the parallel input of the previous flip-flop (Q D to input C,etc.) and serial data 
is entered at input D. 

When the output control is high, the normal logic levels of the four outputs are available for driving the loads or bus 
lines. The outputs are disabled independently from the level of the clock by a low logic level at the output control 
input. The outputs then present a high impedance and neither load nor drive the bus line; however, sequential operation 
of the registers is not affected. 



The SN54LS295B is characterized for operation over the full military temperature range of 
SN74LS295B is characterized for operation from 0°C to 70°C. 



-55 C to 125 C; the 



FUNCTION TABLE 



INPUTS 


OUTPUTS 


MODE 
CONTROL 


CLOCK 


SERIAL 


PARALLEL 


q a Qb Qc q d 


A B C D 


H 
H 
H 

L 
L 
L 


H 

I 
1- 
H 

I 
i 


X 
X 
X 
X 

H 

L 


X X X X 

abed 
Q B t Q c t Q D t d 
X X X X 
X X X X 
X X X X 


Q A0 Q B0 Q C0 Q D0 

abed 

QBn QCn QDn d 

Q A0 q B0 q C0 q D0 

H Q An QBn QCn 

L QAn QBn QCn 


When the output control is low, the outputs are disabled to the high-impedance state; 
however, sequential operation of the registers is not affected. 



Shifting left requires external connection of Q B to A, Q c to B, and Q D to C. Serial data is 
entered at input D. 

H = high level (steady state), L = low level (steady state), X = irrelevant (any input, including transitions) 

i = transition from high to low level. 

a, b, c, d = the level of steady-state input at inputs A, B, C, or D, respectively. 

°-AO- Q BO. Q CO. °-DO = tne level ° f Q A , Q B , Q c , or Q D , respectively, before the indicated steady-state input conditions were established. 

Q An. Q Bn. Q Cn. °-Dn = tne leue l ° f Q A , Q B , Q c , or Q D , respectively, before the most-recent 4- transition of the clock. 



See explanation of function tables on page 3-8. 
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TYPES SN54LS295B, SN74LS295B 

4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 

WITH 3 STATE OUTPUTS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc < see Note 1 ' 7 V 

Input voltage o ■ ■ 

Operating free-air temperature range: SN54LS295B -55 01.0 125^0 

SN74LS295B 0°C to 70 C 

-65°Cto150°C 



Storage temperature range 

NOTE 1 : Voltage values are with respect to network ground terminal 

recommended operating conditions 



Supply voltage, VqC 



High-level output current, Iqh 



Low-level output current, Iql 



Clock frequency, f c lock 



Width of clock pulse, t w ( c jock) 



Setup time, high-level or low-level data, t su 



Hold time, high-level or low-level data, t^ 



Operating free-air temperature, Ta 



SN54LS295B 



MIN NOM MAX 



SN74LS295B 



MIN NOM MAX 



-2.6 
24 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TES 






SN54LS295B 


SN74LS295B 


UNIT 


T CONDITIONS* 


MIN TYPt 


MAX 


MIN 


TYP* 


MAX 


V|H High-level input voltage 




2 


2 


V 


V|[_ Low-level input voltage 




0.7 


0.8 


V 


V|K Input clamp voltage 


Vrjc = MIN . 


l| = -18mA 


-1.5 


-1.5 


V 


Voh High-level output voltage 


Vcc = MIN, 
V||_ = V|i_ max. 


V|H = 2V, 
Iqh = MAX 


2.4 3.4 


2.4 


3.1 




V 


Vrj|_ Low-level output voltage 


V"cc = MIN, 
V| L = V| L max 


V| H = 2V, 


l 0L = 12 mA 


0.25 


0.4 




0.25 


0.4 


V 


IOL = 24mA 






0.35 


0.5 


Off-state output current, 
high-level voltage applied 


Vcc = M AX, 
V = 2.7 V 


V IL = V IL max . 


20 


20 


ma 


Off-state output current, 
low-level voltage applied 


Vcc = MAX, 
V - 0.4 V 


V| H = 2V, 


-20 


-20 


ma 


Input current at 
maximum input voltage 


Vcc = MAX, 


V| = 7 V 


0.1 


0.1 


mA 


l|H High-level input current 


Vcc = MAX, 


V| =2.7 V 


20 


20 


MA 


1 1 1 Low-level input current 


Vcc = MAX, 


V| = 0.4 V 


-0.4 


-0.4 


mA 


Iqs Short-circuit output current^ 


Vcc = MAX 


-30 


-130 


-30 




-130 


mA 


'CC Supply current 


Vcc = MAX ' 


See Note 2 


Condition A 


16 


27 




16 


27 


mA 


Condition B 


17 


29 




17 


29 



tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAII typical values are at Vqq = 5 V, T^ = 25 C. 

§Not more than one output should be shorted at a time.and duration of the short-circuit should not exceed one second. 

NOTE 2: l cc is measured with the outputs open, the serial input and mode control at 4.5 V, and the data inputs grounded under the following 
conditions: 

A. Output control at 4.5 V and a momentary 3 V, then ground, applied to clock input. 

B. Output control and clock input grounded. 
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TYPES SN54LS295B SN74LS295B 

4-BIT RIGHT-SHIFT LEFT-SHIFT REGISTERS 

WITH 3-STATE OUTPUTS 



switching characteristics, V cc = 5 V, T A = 25 C, R L = 667 SI 


PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


f max Maximum clock frequency 


C L = 45pF, 
See Note 3 


25 35 


MHz 


tPLH Propagation delay time, low-to-high-level output 


20 


30 


ns 


tPHL Propagation delay time, high-to-low-level output 


23 


35 


ns 


tpzH Output enable time to high level 


17 


26 


ns 


tpzL Output enable time to low level 


28 


42 


ns 


tpHZ Output disable time from high level 


C L = 5pF, 
See Note 3 


13 


20 


ns 


tPLZ Output disable time from low level 


17 


26 


ns 



NOTE 3: Load circuit and voltage waveforms are shown on page 3-1 1 



functional block diagram 



MODE (6) fs^ jx^ 
CONTROL " 



OUTPUT {8} |s- 
CONTROL ~^S* 




schematics of inputs and outputs 



EQUIVALENT OF SERIAL 
AND DATA INPUTS 



rJ*-* — r — 



si 



Serial: Reg = 30 kf2 NOM 
A, B, C, D: R eq = 20 kft NOM 



EQUIVALENT OF CLOCK, 

MODE CONTROL, AND 
OUTPUT CONTROL INPUTS 



V CC T 

i 20 kfi NOM 

INPUT— a-dJf-l ■ 



TYPICAL OF ALL OUTPUTS 




DESIGN GOAL 



This page provides tentative 
product in the developmenta 
Instruments reserves the right to change or dis 
continue this product without notice. 
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TYPES SN54298, SN54LS298, SN74298, SN74LS298 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 

BULLETIN NO. DL-S 761 1747, MARCH 1974-REVISED OCTOBER 1976 



Selects One of Two 4-Bit Data Sources 
and Stores Data Synchronously with 
System Clock 

Applications: 
Dual Source for Operands and Constants 
in Arithmetic Processor; Can Release 
Processor Register Files for Acquiring New 
Data 

Implement Separate Registers Capable of 
Parallel Exchange of Contents Yet Retain 
External Load Capability 

Universal Type Register for Implementing 
Various Shift Patterns; Even Has Compound 
Left-Right Capabilities 



description 



These monolithic quadruple two-input multiplexers 
with storage provide essentially the equivalent 
functional capabilities of two separate MSI functions 
(SN54157/SN74157 or SN54LS157/SN74LS157and 
SN54175/SN74175 or SN54LS175/SN74LS175) in a 
single 16-pin package. 

When the word-select input is low, word 1 (A1, B1, 
C1, D1) is applies to the flip-flops. A high input to 
word select will cause the selection of word 2 (A2, 
B2, C2, D2). The selected word is clocked to the 
output terminals on the negative-going edge of the 
clock pulse. 

Typical power dissipation is 195 milliwatts for the 
'298 and 65 milliwatts for the 'LS298. SN54298 
and SN54LS298 are characterized for operation over 
the full military temperature range of -55°C to 
125°C; SN74298 and SN74LS298 are characterized 
for operation from 0°C to 70°C. 

FUNCTION TABLE 



INPUTS 


OUTPUTS 


WORD 

CLOCK 
SELECT 


Qa Qb °c q d 


L i 
H i 
X H 


a1 b1 d d1 

a2 b2 c2 d2 

Q A0 Q B0 Q C0 Q D0 



H = high level (steady state) 
L = low level (steady state) 

X = irrelevant (any input, including transitions) 
I = transition from high to low level 

a1, a2, etc. = the level of steady-state input at A1, A2, etc. 
Q A0 , Q B0 , etc. = the level of Q A , Qrj, etc. entered on the 
most-recent i transition of the clock inpu 



SN54298, SN54LS298 ... J OR W PACKAGE 

SN74298, SN74LS298 ... J OR N PACKAGE 

(TOP VIEW) 



OUTPUTS 
A 




DATA 




vcc Qa 


Qb 


Qc 


Qd clock select ci 






16 


15 


14 


13 


12 


11 


10 


9 














n 












Qa Qb Qc Qd c ^ ws 

B2 CI 
A2 A1 B1 C2 D2 D1 




























2 


3 


4 5 


6 


7 


8 





V 

DATA INPUTS 



logic: see function table 



functional block diagram 




-c> • ■ ■ Dynamic input activated by a transition from a high level 
1 to a low level 
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TYPES SN54298, SN54LS298, SN74298. SN74LS298 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 



schematics of inputs and outputs 



REVISED OCTOBER 1976 





'298 




EQUIVALENT OF EACH INPUT 




k 


eq 


INPUT — •— ' 

f 


A 


r 






j, 


Clock 


R eq 


= 4 kfl NOM 


All other inputs 


R eq 


= 6kfJ NOM 



TYPICAL OF ALL OUTPUTS 




'LS298 



EQUIVALENT OF DATA INPUTS 



put i M * — 1~~~ 



'LS298 



EQUIVALENT OF OTHER INPUTS 



PUT « JJ i •-- - 



V. 



'LS298 



TYPICAL OF ALL OUTPUTS 

; cc 

120 n NOM 
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TYPES SN54298, SN74298 

QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vqc ( see Note "" 

Input voltage 

Operating free-air temperature range: SN54298 . . . 

SN74298 . . . 
Storage temperature 

NOTE 1 : Voltage values are with respect to network ground terminal. 



. . . . 7V 
. ... 5.5 V 
-55°Cto 125°C 
. 0°C to 70°C 
-65°Cto150°C 



recommended operating conditions 



Supply voltage, Vcc 



High-level output current, Iqh 



Low-level output current, Iql 



Width of clock pulse, high or low level, t w 



Setup time, t su 



Hold time, t^ 



Operating free-air temperature, Ta 



SN54298 



MIN NOM MAX 



MIN NOM MAX 



MA 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN TYPt 


MAX 


UNIT 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V|K 


Input clamp voltage 


V CC = MIN, l| = -12mA 


-1.5 


V 


V H 


High-level output voltage 


V CC = MIN, V|H = 2V, 
V| L = 0.8V, l OH = -800/uA 


2.4 3.2 


V 


vol 


Low-level output voltage 


V CC = MIN, V| H = 2V, 
V| L = 0.8V, l L=l6mA 


0.4 


V 


l| Input current at maximum input voltage 


V CC = MAX, V| = 5.5V 


1 


mA 


l|H 


High-level input current 


V CC = MAX, V| = 2.4V 


40 


M A 


l|L 


Low-level input current 


V CC = MAX, V|=0.4V 


-1.6 


mA 




Short-circuit output current § 


V cc = MAX 


SN54298 


-20 


-57 


mA 


] OS 


SN 74298 


-18 


-57 


•cc 


Supply current 


Vqc = MAX, See Note 2 


39 


65 


mA 



tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

# All typical values are at Vqq = 5 V, T^ = 25 C. 

§Not more than one output should be shorted at a time. 

NOTE 2: With all outputs open and all inputs except clock low, l cc is measured after applying a momentary 4.5 V, followed by ground, to 



the clock input. 



switching characteristics, Vcc = 5 V, Ta - 25° C 












PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tpLH Propagation delay time, low-to-high-level output 


C|_=15pF, R L = 400n, 
See Note 3 




18 


27 


ns 


tpHI Propagation delay time, high-to-low-level output 




21 


32 



NOTE 3: Load circuit and waveforms are shown on page 3-10. 
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TYPES SN54LS298. SN74LS298 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 



REVISED OCTOBER 1976 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqq (see Note 1 ) 7 V 

Input voltage 7 y 

Operating free-air temperature range: SN54LS298 — 55°Cto125°C 

SN74LS298 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 







SN54LS298 


SN74LS298 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqq 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, Ioh 


-400. 


-400 


MA 


Low-level output current, Iql 


4 


8 


mA 


Width of clock pulse, high or low level, t w 


20 


20 


ns 


Setup time, t su 


Data 


15 


15 


ns 


Word select 


25 


25 


Hold time, tf, 


Data 


5 


5 


ns 


Word select 








Operating free-air temperature, T^ 


-55 125 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


SN54LS298 


SN74LS298 


UNIT 


MIN TYPt 


MAX 


MIN 


TYPt 


MAX 


V||-| High-level input voltage 




2 


2 


V 


V||_ Low-level input voltage 




0.7 


0.8 


V 


V| k Input clamp voltage 


V CC = MIN, 


l| = -18mA 


-1.5 


-1.5 


V 


VrjH High-level output voltage 


V CC =MIN, 
V| j_ = V| |_ max. 


V, H = 2V, 
'OH = -400mA 


2.5 3.4 


2.7 


3.4 




V 


Vol Low-level output voltage 


V CC = MIN, 
V||_ = V||_ max 


V| H = 2V, 


( OL = 4 mA 


0.25 


0.4 




0.25 


0.4 


V 


Iql = 8 mA 






0.35 


0.5 


Input current at 
l| 

maximum input voltage 


Vfx = MAX > 


V[ = 7 V 


0.1 


0.1 


mA 


l|H High-level input current 


VfjC = MAX . 


V| = 2.7 V 


20 


20 


fiA 


1 1 1_ Low-level input current 


Vrjc = MAX, 


V| = 0.4V 


-0.4 


-0.4 


mA 


Iqs Short-circuit output current! 


V cc = MAX 


-20 


-100 


-20 




-100 


mA 


IfjC Supply current 


VfjC = M AX, 


See Note 2 


13 


21 




13 


21 


mA 



TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+ All typical values are at Vq c = 5 V, T^ = 25°C. 

S Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 2: With all outputs open and all inputs except clock low, \qq is measured after applying a momentary 4.5 V, followed by ground, to 

the clock input. 

switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tp(_H Propagation delay time, low-to-high-level output 


C L =15pF, R L = 2kn, 
See Note 4 




18 


27 


ns 


tp(-|L Propagation delay time, high-to-low-level output 




21 


32 



NOTE 4: Load circuit and waveforms are shown on page 3-1 1 . 
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TYPES SN54298. SN54LS298, SN74298, SN74LS298 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 



TYPICAL APPLICATION DATA 

This versatile multiplexer/register can be connected to operate as a shift register that can shift N-places in a single 

clock pulse. 

The following figure illustrates a BCD shift register that will shift an entire 4-bit BCD digit in one clock pulse. 

r 



CLOCK 



PARALLEL LOAD 
-A- 



A1 WS 



A2 
L-JBI '298 

B2-^- QB 



Qa 



LS298 
C1 REG 

1 no -a 



Qc 



D2 CK Q D 



L A1 WS 



A2 



Qa 



— B1 '298 

or O.B 
82 'LS298 
CI REG 

2 °ch 



D2 CK Q Dfo 

=± 



DIGIT 1 



■WORD SELECT 



Qa 



A1 WS 

A2 

B1 '298 

B2 ° r ° B 
"" 'LS298 

CI REG 

3 Qr 
C2 ^ 

D1 

D2 CK Q D 



DIGIT 2 



DIGIT 3 



When the word-select input is high and the registers are clocked, the contents of register 1 is transferred (shifted) to 
register 2 and etc. In effect, the BCD digits are shifted one position. In addition, this application retains a parallel-load 
capability which means that new BCD data can be entered in the entire register with one clock pulse. This arrangement 
can be modified to perform the shifting of binary data for any number of bit locations. 

Another function that can be implemented with the '298 or 'LS298 is a register that can be designed specifically for 
supporting multiplier or division operations. The example below is a one place/two-place shift register. 



'181,'LS181,or'S181 

(ALU) 

FO F1 F2 F3 



CLOCK 



'181,'LS181,or'S181 

(ALU) 

FO F1 F2 F3 I 



T 



A1 A2 B1 B2 CI C2 D1 D2 
|-C£>CK '298or'LS298 WS 

Qa Qb Qc Qd 




A1 A2 B1 B2 CI C2 D1 D2 
>CK -298or'LS298 WS 

Qa Qb Qc Qd 



WORD 
SELECT 



When word select is low and the register is clocked, the outputs of the arithmetic/logic units (ALU's) are shifted one 
place. When word select is high and the registers are clocked, the data is shifted two places. 
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TYPES SN54LS299, SN54S299, SN74LS299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 

BULLETIN NO. DL.S 7612115, MARCH 1974-REVISED OCTOBER 1976 



Multiplexed Inputs/Outputs Provide 
Improved Bit Density 

Four Modes of Operation: 
Hold (Store) Shift Left 
Shift Right Load Data 

Operates with Outputs Enabled or at High Z 

3-State Outputs Drive Bus Lines Directly 

Can Be Cascaded for N-Bit Word Lengths 

SN54LS323 and SN74LS323 Are Similar 
But Have Synchronous Clear 

Applications: 

Stacked or Push-Down Registers. 
Buffer Storage, and 
Accumulator Registers 



SN54LS299, SN54S299 ... J PACKAGE 

SN74LS299, SN74S299 ... J OR N PACKAGE 

(TOP VIEW) 





GUARANTEED 


TYPICAL 


TYP& 


SHiFT (CLOCK; 


POWER 




FREQUENCY 


DISSIPATION 


'LS299 


35 MHz 


175 mW 


'S299 


50 MHz 


700 mW 


description 







SHIFT SHIFT 

LEFT RIGHT 

VCC S1 SL Qh' H/Qh F/Qf D/Qd B/Qb CLOCK sr 



1— I 1 - 


"h 


=L 


"H" 


"H ' 


' h 


H" 


"h 


-r 


J h 


-T 


*r- 


-P 


'I 


-T 


'h 


H 


■ H 




























S1 SL Q H ' 


H/Q H 


F/Qf 


DIQd 


B/Ob 


V 

CK 








so 












SR 










G 


G/Qg 


E/Qe 


C/Qc 


a/Qa 


Qa' 


CLEAR 






rw. 














o 




L-i 


1- 


-I 


■ n 


I— I 


h 


-I 


L- 


-I . 


I- 


-I 


L. 


-I 


L 


—I 


■ t- 


-I . 


. I—I 



UJI^LJLJJLJLIJLLILLILIJIJII 

SO G1 E2 G/Qg E/Qe C/Qc A/O a Qa' clear gnd 



logic: see description and function table 



These Schottky TTL eight-bit universal registers feature multiplexed inputs/outputs to achieve full eight bit data 
handling in a single 20-pin package. Two function-select inputs and two output-control inputs can be used to choose 
the modes of operation listed in the function table. 

Synchronous parallel loading is accomplished by taking both function-select lines, SO and S1, high. This places the 
three-state outputs in a high-impedance state, which permits data that is applied on the input/output lines to be clocked 
into the register. Reading out of the register can be accomplished while the outputs are enabled in any mode. A direct 
overriding input is provided to clear the register whether the outputs are enabled or off. 

FUNCTION TABLE 



MODE 


INPUTS 


INPUTS/OUTPUTS 


OUTPUTS 


CLEAR 


FUNCTION 
SELECT 


OUTPUT 
CONTROL 


CLOCK 


SERIAL 
SL SR 


A/Q A B/Q B C/Q C D/Q D E/Q E F/Q F G/Oq H/Q h 


Qa- Qh- 


S1 SO 


G1 T G2 + 


Clear 


L 
L 


X L 
L X 


L L 
L L 


X 
X 


X X 
X X 


LLLLLLLL 
LLLLLLLL 


L L 
L L 


Hold 


H 
H 


L L 
X X 


L L 
L L 


X 

L 


X X 
X X 


Q A0 Q B0 Q C0 Q D0 Q E0 Q F0 Q G0 Q H0 
Q A0 Q B0 Q C0 Q D0 Q E0 °-F0 Q G0 Q H0 


Q A0 Q H0 
Q A0 QHO 


Shift Right 


H 
H 


L H 
L H 


L L 
L L 


t 

t 


X H 
X L 


H °An QBn QCn QDn O-En QFn QGn 
L QAn Q Bn QCn QDn QEn ^Fn QGn 


h Q Gn 

L QQn 


Shift Left 


H 
H 


H L 
H L 


L L 
L L 


t 
t 


H X 
L X 


QBn QCn QDn QEn QFn QQn QHn H 
QBn QCn QDn QEn QFn QGn QHn L 


QBn H 
QBn L 


Load 


H 


H H 


X X 


t 


X X 


abcde fgh 


a h 


T When one or both output controls are high the eight input/output terminals are disabled to the high-impedance state; however, 
sequential operation or clearing of the register is not affected. 



a . . . h = the level of the steady-state input at inputs A through H, respectively. These data are loaded into the flip-flops while the flip-flop 
outputs are isolated from the input/output terminals. See explanation of function tables on page 3-8. 
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functional block diagram 









6 





A 



r 



4trtr 



tertr 




t 



rt: 



tr 



:^1 



tr^ 
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schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 



vcc 



INPUT-^ 



SO, S1: R eq = 9kfi NOM 
All other inputs: R~,= 18 kn NOM 



TYPICAL OF OUTPUTS 
Q A THRU Q H 




TYPICAL OF OUTPUTS 
Q A - THRU Q H ' 

? — v cc 

120 n NOM* 




Supply voltage, Vcc (see Note 1 j 7 V 

I nput voltage 7 y- 

Off-state output voltage 7 V 

Operating free-air temperature range: SN54LS299 -55°Cto125°C 

SN74LS299 0°C to 70°C 

Storage temperature -65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 







SN54LS299 


SN74LS299 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, IfjH 


Q A thru Qh 


-1 


-2.6 


mA 


Q A ' or Q H ' 


-0.4 


-0.4 


Low-level output current, IfjL 


Q A thru Qh 


12 


24 


mA 


Q A ' or Q H ' 


4 


8 


Clock frequency, f c |ock 


35 


35 


MHz 


Width of clock pulse, twidock) 


Clock high 


20 


20 


ns 


Clock low 


20 


20 


Width of clear pulse, t m ( c | ear ) 


Clear low 


20 


20 


ns 


Setup time, t su 


Select 


10t 


10t 


ns 


High-level data 


20t 


20t 


Low-level data 


20t 


20t 


Clear inactive-state 


20t 


20t 


Hold time, t n 


Select 


10t 


10t 


ns 


Data 


Ot 


Ot 


Operating free-air temperature, T A 


-55 125 


70 


°C 



''Data includes the two serial inputs and the eight input/output data lines. 
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TYPES SN54LS299, SN74LS299 

8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 



electrical characteristics over recommended operating free 


-air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS* 


SN54LS299 


SN74LS299 


UNIT 


MIN 


TYPt 


MAX 


MIN 


TYPt 


MAX 


V|H 


High-level input voltage 






2 


2 


V 


V|L 


Low-level input voltage 






0.7 


0.8 


V 


V| K 


Input clamp voltage 




Vcc = MIN, 


l| =-18mA 


-1.5 


-1.5 


V 


V H 


High-level output voltage 


Qa thru Qh 


Vcc = MIN, 
V||_ = V|i_max, 


V|H = 2V, 
l H = MAX 


2.4 


3.2 




2.4 


3.1 




V 


O-A' ° r Q H' 


2.7 


3.4 




2.7 


3.4 




vol 


Low-level output voltage 


Qa thru Qh 


V C c = MIN, 
V, H = 2V, 
V|l = V|Lmax 


Iql= 12 mA 




0.25 


0.4 




0.25 


0.4 


V 


Iql = 24 mA 






0.35 


0.5 


O-A' ° r Q H' 


'OL = Bt mA 




0.25 


0.4 




0.25 


0.4 


Iql = 8 mA 






0.35 


0.5 


'OZH 


Off-state output current, 
high-level voltage applied 


Qa thru Qh 


Vcc = MAX, 
V = 2.7 V 


V|H=2V. 


40 


40 


HA 


lOZL 


Off-state output current, 
low-level voltage applied 


Qa thru Qh 


Vcc = MAX, 
V = 0.4 V 


V| H = 2V, 


-400 


-400 


tiA 


input current at maximum 
h 

input voltage 


SO, S1 


Vcc = MAX, 


V| = 7V 


0.2 


0.2 


mA 


Any other 


0.1 


0.1 


l|H 


High-level input current 


A thru H, SO, S1 


Vcc = MAX - 


V|=2.7 V 


40 


40 


MA 


Any other 


30 


30 


l|L 


Low-level input current 


SO, S1 


Vcc = MAX ' 


V| =0.5 V 


-0.8 


-0.8 


mA 


Any other 


-0.4 


-0.4 


ios 


Short-circuit output current! 


Qa thru Qh 


V C c = MAX 


-30 




-130 


-30 




-130 


mA 


Q A' or Q H' 


-20 




-100 


-20 




-100 


'cc 


Supply current 




V C c = MAX 




35 


66 




35 


60 


mA 



tpor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAII typical values are at Vfjc = 5 v . T A = 25°C. 

§ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 



switching characteristics, Vcc = 5 V, 


Fa = 25 C 








PARAMETERl 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


*max 






See Note 2 


35 50 


MHz 


tPLH 


Clock 


Qa : or Cm' 


C L -15pF, R L = 2kn. 
See Note 2 


15 25 


ns 
ns 


15 25 


tPHL 


tPHL 


Clear 


Q A ' or Q H ' 


20 35 


tPLH 


Clock 


QA thru Qh 


Ci_=45pF, R(_ = 665n, 
See Note 2 


15 25 


ns 


tPHL 


15 25 


tPHL 


Clear 


QA thru Qh 


20 35 


ns 


tPZH 


G1.G2 


Qa thru Qh 


20 35 


ns 


tPZL 


20 35 


tPHZ 


G1,G2 


Qa thru Qh 


C(_ = 5pF, RL = 665Ii, 
See Note 2 


15 25 


ns 


tPLZ 


15 25 



1f max = maximum clock frequency 

tp|_H — propagation delay time, low-to-high-level output. 

tpHL s propagation delay time, high-to-low-level output 

tpzH — output enable time to high level 

tp2L — output enable time to low level 

tPHZ = output disable time from high level 

tp|_2 = output disable time from low level 
NOTE 2: For testing f max , all outputs are loaded simultaneously, each with Cj_ and R|_ as specified for the propagation times. See load 
circuits and waveforms on page 3-1 1 . 
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TYPES SN54S299, SN74S299 
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schematics of inputs and outputs 



EQUIVALENT OF CLOCK AND 
CLEAR INPUTS 




Clock: R eq = 2.8 k£2 NOM 
Clear: Rgq = 3.5 kft NOM 



EQUIVALENT OF G1 
AND G2 INPUTS 



2.8 kI2 
NOM 




EQUIVALENT OF A THRU H + , SO, SI, 
SHIFT RIGHT, AND SHIFT LEFT INPUTS 




t When 3-state outputs are disabled. 



TYPICAL OF OUTPUTS 

n. TUDII Q. . 




TYPICAL OF OUTPUTS 
Q A - AND Q H - 



"55 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vfjc (see Note 1 ) 7 V 

Input voltage 55 y 

Off-state output voltage 5.5 V 

Operating free-air temperature range: SN54S299 (see Note 2) -55°Cto125°C 

SN74S299 0°C to 70°C 

Storage temperature -65°Cto150°C 

NOTES 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 







SN54S299 


SN74S299 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vrjc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, Ioh 


Q A thru O.H 


-2 


-6.5 


mA 


Q A - or Q H ' 


-0.5 


-0.5 


Low-level output current, loi_ 


Q A thru Qh 


20 


20 


mA 


Q A ' or Q H ' 


6 


6 


Clock frequency, f c |ock 


50 


50 


MHz 


Width of clock pulse, ^(dock) 


Clock high 


10 


10 


ns 


Clock low 


10 


10 


Width of clear pulse, t w ( C | ear ) 


Clear low 


10 


10 


ns 


Setup time, t su 


Select 


15t 


15t 


ns 


High-level data 


7t 


7t 


Low-level data 


5t 


5t 


Clear inactive-state 


10t 


10t 


Hold time, t n 


Select 


5t 


5t 


ns 


Data 


5t 


5t 


Operating free-air temperature, T A 


-55 125 


70 


°C 



^Data includes the two serial inputs and the eight input/output data lines. 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN TYP* MAX 


UNIT 


V|(-| High-level input voltage 




2 


V 


V|i_ Low-level input voltage 




0.8 


V 


V|K Input clamp voltage 


Vcc = MIN, l| = -18mA 


-1.2 


V 


Vqh High-level output voltage 


Q A thru Q|-| 


V C C = MIN, V|H=2V, 
V| L = 0.8V, l H=MAX 


2.4 3.2 


V 


O-A' or Q H' 


2.7 3.4 


Vql Low-level output voltage 


Vcc = MIN, V| H =2V, 
V| L = 0.8V, Iql = MAX 


0.5 


V 


Off-state output current, 
high-level voltage applied 


Q A thru Qh 


Vcc = MAX, V| H = 2V, 
Vo = 2.4 V 


100 


ma 


Off-state output current, 
low-level voltage applied 


Q a thru Qh 


Vcc = MAX, V| H =2V, 
Vo = 0.5 V 


-250 


uA 


1 1 Input current at maximum input voltage 


Vcc = MAX, V| = 5.5V 


1 


mA 


1 1 1_| High-level input current 


A thru H, SO, S1 


Vcc = MAX, V| = 2.7V 


100 


MA 


Any other 


50 


l|L Low-level input current 


Clock or clear 


V C c = MAX, V| = 0.5 V 


-2 


mA 


Any other 


-250 


MA 


Iqs Short-circuit output current^ 


Q A thru 0-h 


V CC = MAX 


-40 -100 


mA 


Q A ' or Q H ' 


-20 -100 


1 Ice Supply current 


Vcc = MAX 


140 225 


mA 



T For conditions shown as Ml N or MAX, use the appropriate value specified under recommended operating conditions. 

tAM typical values are at V cc = 5 V, T A = 25°C. 

§ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER1 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


'max 






See Note 2 


50 70 


MHz 


tPLH 


Clock 


Q A - or Q H ' 


C L = 15pF, R|_=1ktt, 
See Note 2 


12 20 


ns 


13 20 


tPHL 


tPHL 


Clear 


Q A - or Q H ' 


14 21 


ns 


tPLH 


Clock 


Q A thru Qh 


C|_=45pF, RL = 280n, 
See Note 2 


15 21 


ns 


tPHL 


15 21 


tPHL 


Clear 


Q A thru Qh 


16 24 


ns 


tPZH 


G1.G2 


Q A thru Qh 


10 18 


ns 


tPZL 


12 18 


tPHZ 


G1,G2 


Q A thru Qh 


Cl = 5pF, R L =280n, 
See Note 3 


7 12 


ns 


tPLZ 


7 12 



"'max — maximum clock frequency 

tp|_H — propagation delay time, low-to-high-level output. 

tPHL ~ propagation delay time, high-to-low-level output 

tpzH = output enable time to high level 

tpjjL = output enable time to low level 

tPHZ = output disable time from high level 

tpL2 = output disable time from low level 
NOTE 3: For testing f max , all outputs are loaded simultaneously, each with C L and Rj_ as 
circuits and waveforms on page 3-10. 



specified for the propagation times. See load 
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Multiplexed Inputs/Outputs Provide 
Improved Bit Density 

Four Modes of Operation: 
Hold (Store) Shift Left 

Shift Right Load Data 

Operates with Outputs Enabled or at High Z 

3-State Outputs Drive Bus Lines Directly 

Can Be Cascaded for N-Bit Word Lengths 

Typical Power Dissipation ... 175 mW 

Guaranteed Shift (Clock) Frequency ... 35 MHz 

Applications: 
Stacked or Push-Down Registers, 
Buffer Storage, and 



SN54LS323 ... J PACKAGE 

SN74LS323 ... J OR N PACKAGE 

(TOP VIEW) 



But Have Direct Overriding Clear 



description 



r W4?-I^U^UiU^U^MJiUin- , 



TT 



sl q h ' h/q h f/q f Wq d B/aa 



G/QG E/Qe C/Oc A/Q A Q A ' CLEAR 



SO G1 G2 G/QG E/Qe C/Oq *Wa Qa' CLEAR GND 



logic: see description and function table 



These Low-Power Schottky eight-bit universal registers feature multiplexed inputs/outputs to achieve full eight-bit data 
handling in a single 20-pin package. Two function-select inputs and two output-control inputs can be used to choose 
the modes of operation listed in the function table. Synchronous parallel loading is accomplished by taking both 
function-select lines, SO and S1 , high. This places the three-state outputs in a high-impedance state, which permits data 
that is applied on the input/output lines to be clocked into the register. Reading out of the register can be accomplished 
while the outputs are enabled in any mode. The clear function is synchronous and a low level at the clear input clears 
the register on the next low-to-high transition of the clock. 

FUNCTION TABLE 



MODE 


INPUTS 


INPUTS/OUTPUTS 


OUTPUTS 


CLEAR 


FUNCTION 
SELECT 


OUTPUT 
CONTROL 


CLOCK 


SERIAL 
SL SR 


A/Q A B/Q B C/Q C D/Q D E/Q E F/Q F G/Qq H/Q h 


Q A - Q H - 


SI SO ^ 


G1 + G2 + 


Clear 


L 
L 


X L 
L X 


L L 
L L 


t 


X X 
X X 


LLLLLLLL 
LLLLLLLL 


L L 
L L 


Hold 


H 
H 


L L 
X X 


L L 
L L 


X 

L 


X X 
X X 


Q A0 Q B0 Q C0 Q D0 Q E0 Q F0 Q G0 Q H0 
Q A0 Q B0 Q C0 Q D0 Q E0 Q F0 Q G0 Q H0 


Q A0 Q H0 
Q A0 Q|HO 


Shift Right 


H 
H 


L H 
L H 


L L 
L L 


t 
t 


X H 
X L 


H Q An Q Bn Qc n Q Dn Q En Q Fn Q Gn 
L Q An Q Bn Q Cn Q Dn Q En Q Fn Q Gn 


H Q Gn 

L QQn 


Shift Left 


H 
H 


H L 
H L 


L L 
L L 


t 
t 


H X 
L X 


QBn QCn QDn QEn QFn QGn QhHn H 
QBn QCn QDn QEn QFn QQn QHn L 


QBn H 

QBn L 


Load 


H 


H H 


X X 


T 


X X 


abcde fgh 


a h 


^When one or both output controls are high the eight input/output terminals are disabled to the high-impedance state; however, 
sequential operation or clearing of the register is not affected. 



a . . . h = the level of the steady-state input at inputs A through H, respectively. These data are loaded into the flip-flops while the flip-flop 
outputs are isolated from the input/output terminals. See explanation of function tables on page 3-8. 

schematics of inputs and outputs, absolute maximum ratings, recommended operating conditions, and 
electrical characteristics 

Same as SN54LS299 and SN74LS299, see page 7-439. 
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TYPES SN54LS323. SN74LS323 

8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 



functional block diagram 



OUTPUT J u 
CONTROLS |^2- 




INPUTS/OUTPUTS NOT SHOWN: 
(6) C/Qc (5) E/Q E 

(14)D/Q D (15) F/Q F 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER 11 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


fmax 






See Note 1 


35 50 


MHz 


tPUH 


Clock 


QA' °r Qh' 


C[_ = 15pF, R L =2kfi, 
See Note 1 


15 25 


ns 


tPHL 


15 25 


tPLH 


Clock 


Ga thru Qh 


C|_=45pF, R L = 665£1, 
See Note 1 


15 25 


ns 


tPHL 


15 25 


tPZH 


G1,G2 


Q.A thru Qh 


20 35 


ns 


tpzu 


20 35 


tPHZ 


G1,G2 


Q/s, thru Qh 


C|_ = 5pF, R L = 665fi, 
See Note 1 


15 25 


ns 


tPLZ 


15 25 



"f max = maximum clock frequency 

*PLH ~ propagation delay time, low-to-high-level output 

tPHL s propagation delay time, high-to-low-level output 

tpzH — output enable time to high level 

tp^L — output enable time to low level 

tp H 2 — output disable time from high level 

tpi_z — output disable time from low level 
NOTE 1: For testing f max , all outputs are loaded simultaneously, each with C L and R L as specified for the propagation times. See load 
circuits and waveforms on page 3-11. 
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VOLTAGE-CONTROLLED OSCILLATORS 

BULLETIN NO. DL-S 7612472, OCTOBER 1976 



'LS325, 'LS326 and 'LS327 Have Two 
Independent VCO's in a Single Package 

Output Frequency Set by Single External 

Component: 

Crystal for High-Stability Fixed- 
Frequency Operation 
Capacitor for Fixed- or Variable- 
Frequency Operation 

Separate Supply Voltage Pins for Isolation 
of Frequency Control Inputs and Oscillators 
from Output Circuitry 

Highly Stable Operation over Specified 
Temperature and/or Supply Voltage Ranges 



description 



With the exception of 'LS324, all of these devices 
feature two independent voltage-controlled oscillators 
(VCO) in a single monolithic chip. The 'LS324, 
'LS325 and 'LS326 have complementary outputs. 
The output frequency of each VCO is established by 
a single external component, either a capacitor or a 
crystal, in combination with the voltage-sensitive 
inputs, one for frequency control and on the 'LS324, 
another one for frequency range. These inputs can be 
used to vary the output frequency by changing the 
voltage applied to them. These highly stable oscillat- 
tors can be set to operate at any frequency typically 
between 0.12 Hz and 30 MHz. With 2 volts applied 
to the frequency control input and also to the range 
input of the 'LS324, the output frequency can be 
approximated as follows: 
1 X10-4 



fn=- 



Cext 



where: f = output frequency in hertz 

Cext = external capacitance in farads. 

These devices can operate from a single 5-volt supply. 
However, one set of supply-voltage and ground pins 
(Vcc ar, d GND) is provided for the enable, 
synchronization-gating, and output sections, and a 
separate set (©Vqc and0GND) is provided for the 
oscillator and associated frequency-control circuits so 
that effective isolation can be accomplished in the 
system. Disabling either VCO of the 'LS325 and 
'LS327 can be accomplished by removing the appro- 
priate @V(X- An enable input is provided on the 
'LS324 and 'LS326. While this input is low, the 
output is enabled. While the enable input is high, 
Y is high and Y is low. 



SN54LS' ... J OR W PACKAGE 

SN74LS' ... J OR N PACKAGE 

'LS324 (TOP VIEW) 



^IR^li^iU^L 



ml 



iiJiirtLriAri^njLrLir 



logic: see description 



"LS325 (TOP VIEW) 



^ i»TJ^M^M^M^M^M^Mn- 1 



' 7 



^^? 



LirLLTiinirLLriiniJiir 



logic: see description 



'LS328 (TOP VIEW) 



t — — ^£ti_I 



S . I . Pn 



njJliJliJliJijJiiJiznir 



r OUTPUTENABLE 



logic: see description 



'LS327 (TOP VIEW) 



J^lJ^lMJ^UTUil 



^^ 



m 



ijriLnjjiijiinjjiir 



logic: see description 
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TYPES SN54LS324 THRU SN54LS327, SN74LS324 THRU SN74LS327 
VOLTAGE-CONTROLLED OSCILLATORS 



description (continued) 

The internal oscillator runs continuously even while the output is disabled via the enable input. The enable input is one 
standard load, and it and the buffered output operate at standard Schottky-clamped TTL levels. 

The pulse synchronization-gating section ensures that the first output pulse is neither clipped nor extended. Duty cycle 
of the square-wave output is fixed at approximately 50 percent. Simultaneous operation of both VCO's in the same 
package is not recommended. 

The SN54LS324 thru SN54LS327 are characterized for operation over the full military temperature range of -55°C to 
125°C; the SN74LS324 thru SN74LS327 are characterized for operation from 0°C to 70°C. 



schematics of inputs and outputs 



EQUIVALENT OF EACH 

ENABLE INPUT 

CLS324 AND 'LS326) 



v C c " 

;;17 kfi NOM 



INPUT « J| A • 



EQUIVALENT OF EACH FREQUENCY 
CONTROL OR CLS324 ONLY) RANGE INPUT 



VCC 




R1 
INPUT— wv 



NOMINAL VALUES 

R1 R2 R3 

Frequency Control 79 kfi 14kfi 27 k« 

Range CLS324 only) 85 kfi 



TYPICAL OF ALL OUTPUTS 



v C c 




6kn 24 kO 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc (see Notes 1 and 2) 7 v 

Input voltage: Enable input ('LS324 and 'LS326) ? v 

Frequency control or range input ■ ■ ^CC 

Operating free-air temperature range: SN54LS' Circuits -55Cto125^C 

SN74LS' Circuits 0°C to 70°C 

Storage temperature range -65 C to 150 C 

NOTES: 1 . Voltage values are with respect to the appropriate ground terminal. 

2. Throughout this data sheet, the symbol V cc is used for the voltage applied to both the V cc and ©V cc terminals, unless 
otherwise noted. 
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TYPES SN54LS324 THRU SN54LS327, SN74LS324 THRU SN74LS327 

VOLTAGE-CONTROLLED OSCILLATORS 



recommended operating conditions 



Supply voltage, Vcc 



Input voltage at frequency control or range input, V|(f re q) or V|(rng) * 



High-level output current, Iqh 



Low-level output current, Iql 



Output frequency (enabled), f 



Operating free-air temperature, Ta 



MIN NOM MAX 



4.5 



MIN NOM MAX 



5.25 



UNIT 



electrical characteristics over recommended operating free-air temperature range 


(unless otherwise noted) 


PARAMETER 


TEST CONDITIONS* 


SN54LS' 


SN74LS' 


UNIT 


MIN TYP* MAX 


MIN 


TYP* 


MAX 


V|H 


High-level input 
voltage at enable* 




2 


2 


V 


V|L 


Low-level input 
voltage at enable* 




0.7 


0.8 


V 


VlK 


Input clamp voltage at enable* 


V C c=MIN, l| = -18mA 


— I.O 


-..- 


w 


VOH 


High-level output voltage 


V CC =MIN, Vih=2V, 
'OH = ~ 1 -2 mA, See Note 3 


2.5 o.-* 


2 7 


3.4 




y 


vol 


Low-level output voltage 


Vcc = MIN, © Vcc °P en 
V| L = V| L max 


Iql = 12 mA 


0.25 


0.4 




0.25 


0.4 


V 


Iql = 24 mA 






0.35 


0.5 


l| Input current 


Freq control 
or range a 


V C c = MAX 


V| = 5V 


50 


250 




50 


250 


MA 


V| = 1 V 


10 


50 




10 


50 


Input current 

l| at maximum 

input voltage 


Enable* 


V C C=MAX, V| = 7V 


0.1 


0.1 


mA 


>IH 


High-level 
input current 


Enable* 


Vcc = MAX, V| = 2.7 V 


20 


20 


jiA 


'IL 


Low-level 
input current 


Enable* 


V C c = MAX, V|=0.4V 


-0.4 


-0.4 


mA 


'OS 


Short-circuit output currents 


V CC = MAX 


-40 


-225 


-40 




-225 


mA 


"cc 


Supply current, total into 


Vcc = Max 
See Note 4 


'LS324, 'LS326 


18 


30 




18 


30 
50 


mA 


V cc and©V cc 


pins 


'LS325, 'LS327 


30 


50 




30 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at Vqc = 5 v - t A = 25 c - 

§Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

*The characteristics involving an enable input are applicable to 'LS324 and 'LS326 only. 

NOTES: 3. v OH is measured for Y outputs by connectingj 1-kfi resistor from CX1 to V cc and another 1-kf2 resistor from CX2 to GND. 

This procedure is reversed for testing V OH of Y outputs (not applicable to 'LS327). That is, a 1-kH resistor is connected from 

CX2 to V cc and another 1-kfl resistor from CX1 to GND. During the V OH tests of 'LS324 and 'LS326, the enable pin should 

be at V||_ max. 
4. For 'LS324 and 'LS326, Ice is measured with the outputs disabled and open, and © V cc = MAX. For 'LS325 and 'LS327, l cc is 

measured with one V cc = MAX, and with the other © V cc and outputs open. 

switching characteristics, Vcc = 5V (unless otherwise noted), R|_ = 667 £2, Ci_ = 45 pF, Ta = 25° C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP MAX 


UNIT 


f Output frequency 


Cext 2pF 


V|(freq)^5V.V| (rnQ) = 0V 


20 


30 


MHz 


V|(freq) = 0V,V| (rng ) = 5V 


11 


20 


f n Output frequency (crystal controlled) 


©V CC = 3V, V|( freq ) = V,( rna ) = 0V 


10 


20 


MHz 


Output duty cycle 


C ext = 8.3 pF to 500 juF 


50% 




Propagation delay time, 
P high-to-low-level output from enable 


f > 1 Hz 


30+* 


ns 



4 The range input is provided only on the 'LS324. 1 x 1f j9 

*The delay will typically be 30 ns pulse up to one period of one cycle (I.e. 30 ns + — ns) depending upon the timing of the enable 

pulse with respect to the signal generated by the internal oscillator. 
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TYPES SN54LS348, SN74LS348 (TIM9908) 

8-LINE-T0-3-UNE PRIORITY ENCODERS 

WITH 3-STATE OUTPUTS 

^___ BULLETIN NO. DL-S 7612469, OCTOBER 1976 



3-State Outputs Drive Bus Lines Directly 

Encodes 8 Data Lines to 3-Line Binary (Octal) 

Applications Include: 
N-Bit Encoding 
Code Converters and Generators 

Typical Data Delay . . . 15 ns 

Typical Power Dissipation ... 60 mW 



description 



These TTL encoders feature priority decoding of the 
inputs to ensure that only the highest-order data line 
is encoded. The 'LS348 circuits encode eight data 
lines to three-line (4-2-1) binary (octal). Cascading 
circuitry (enable input El and enable output EO) has 
been provided to allow octal expansion. Outputs AO, 
A1, and A2 are implemented in three-state logic for 
easy expansion up to 64 lines without the need for 
external circuitry. See Typical Application Data. 



FUNCTION TABLE 



SN54LS348 ... J OR W PACKAGE 
SN74LS348 ... J OR N PACKAGE 
(TOP VIEW) 



OUTPUTS 



INPUTS 



Vcc 



16 


15 14 13 12 11 10 




) 




111111 








EO GS 3 2 1 






r° 


4 AO 


>- 








5 6 7 El A2 A1 






T T T T T T 






" 


2 3 4 5 6 7 


J 





positive logic: see function table 



functional block diagram 

E,J* £> 



INPUTS 


OUTPUTS 


El 





1 


2 3 4 


5 


6 


7 


A2 


A1 AO 


GS 


EO 


H 


X 


X 


XXX 


X 


X 


X 


Z 


Z Z 


H 


H 


L 


H 


H 


H H H 


H 


H 


H 


z 


Z Z 


H 


L 


L 


X 


X 


XXX 


X 


X 


L 


L 


L L 


L 


H 


L 


X 


X 


XXX 


X 


L 


H 


L 


L H 


L 


H 


L 


X 


X 


XXX 


L 


H 


H 


L 


H L 


L 


H 


L 


X 


X 


XXL 


H 


H 


H 


L 


H H 


L 


H 


L 


X 


X 


X L H 


H 


H 


H 


H 


L L 


L 


H 


L 


X 


X 


L H H 


H 


H 


H 


H 


L H 


L 


H 


L 


X 


L 


H H H 


H 


H 


H 


H 


H L 


L 


H 


L 


L 


H 


H H H 


H 


H 


H 


H 


H H 


L 


H 



H = high logic level, L = low logic level, X : 
Z = high-impedance state 

schematic of inputs and outputs 




EQUIVALENT OF EACH INPUT 

v C c T 



^eq 



t«- 



Inputs 1 thru 7: Rgq = 9 kft NOM 
All others: R ea = 18 ktt NOM 



TYPICAL OF OUTPUTS 
AO, A1.A2 

-vcc 

100 n NOM 




TYPICAL OF OUTPUTS 
EO, ES 

— v cc 

120 n NOM' 
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TYPES SN54LS348, SN74LS348 (TIM9908) 
8-LINE-T0-3-LINE PRIORITY ENCODERS WITH 3-STATE OUTPUTS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc ( see Note 1) 7 V 

Input voltage 7 V 

Operating free-air temperature range: SN54LS348 -55°Cto125°C 

SN74LS348 0°C to 70°C 

Storage temperature range . . . ." — 65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 







SN54LS348 


SN74LS348 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, !oh 


AO, A1.A2 


-1 


-2.6 


mA 


EO,GS 


-400 


-400 


pA 


Low-level output current, IrjL 


AO, A1 , A2 


12 


24 


mA 


EO, GS 


4 


8 


mA . 


Operating free-air temperature, T/\ 


-55 125 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


SN54LS348 


SN74LS348 


UNIT 


MIN 


TYPt 


MAX 


MIN 


TYPf 


MAX 


V|H 


High-level input voltage 






2 


2 


V 


VlL 


Low-level input voltage 






0.7 


0.8 


V 


V|K 


Input clamp voltage 




Vcc = MIN, 


l| = -18mA 


-1.5 


-1.5 


V 


VOH 


High-level 
output voltage 


A0, A1, A2 


Vcc = MIN, 
V| H = 2V, 
V||_ = V||_ max 


Iqk = —1 mA 


2.4 


3.1 






V 


'OH = -2.6 mA 




2.4 


3.1 




EO, GS 


lOH = -400 mA 


2.5 


3.4 




2.7 


3.4 




vol 


Low-level 
output voltage 


A0, A1, A2 


Vcc = MIN, 
V|H = 2V, 
V|l = V||_max 


IOL = 12 mA 




0.25 


0.4 




0.25 


0.4 


V 


l OL = 24 mA 






0.35 


0.5 


EO,GS 


'OL = 4 mA 




0.25 


0.4 




0.25 


0.4 


IOL = 8mA 






0.35 


0.5 


Input current at maximum 
l| 

input voltage 


Inputs 1 thru 7 


Vcc = MAX, 


V| = 7V 


0.2 


0.2 


mA 


All other inputs 


0.1 


0.1 


l|H 


High-level input current 


Inputs 1 thru 7 


V C c = MAX - 


V| = 2.7 V 


40 


40 


MA 


All other inputs 


20 


20 


1|L 


Low-level input current 


Inputs 1 thru 7 


V C c = MAX, 


V| =0.4V 


-0.8 


-0.8 


mA 


All other inputs 


-0.4 


-0.4 


ios 


Short-circuit output current* 


Outputs A0,A1,A2 


Vcc = MAX 


-30 




-130 


-30 




-130 


mA 


Outputs EO, GS 


-20 




-100 


-20 




-100 


'cc 


Supply current 




Vcc = MAX, 
See Note 2 


Condition 1 




13 


25 




13 


25 


mA 


Condition 2 




12 


23 




12 


23 



NOTE 2: Ice (condition 1) is measured with inputs 7 and El grounded, other inputs and outputs open. \qq (condition 2) is measured with all 

inputs and outputs open. 
^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at Vqc = 5 V, T A = 25°C. 
8 Not more than one output should be shorted at a time. 
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TYPES SN54LS348. SN74LS348 (TIM9908) 

8-UNE-T0-3-UNE PRIORITY ENCODERS WITH 3-STATE OUTPUTS 



switching characteristics, \/qq = 5 V, Ta = 25° C 








PARAMETER H 


FROM 
(INPUT) 


TO 
(OUTPUT) 


WAVEFORM 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


Othru 7 


AO, A1,or A2 


In-phase 
output 


C L = 45pF, 
R L -667ft, 
See Note 3 


11 17 


ns 


tPHL 


20 30 


tPLH 


Othru 7 


AO, A1,or A2 


Out-of-phase 
output 


23 35 


ns 


tPHL 


23 35 


tPLH 


Othru 7 


EO 


Out-of-phase 
output 


12 18 


ns 


tPHL 


6 15 


tPLH 


Othru 7 


GS 


In-phase 
output 


15 23 


ns 


tPHL 


14 21 


tPLH 


El 


GS 


In-phase 
output 


11 17 


ns 


tPHL 


24 36 


tPLH 


El 


EO 


In-phase 
output 


14 21 


ns 


tPHL 


17 25 


tPZH 


El 


AO, A1,or A2 




26 39 


ns 


tPZL 


27 41 


tPHZ 


El 


AO. A1,or A2 




C L = 5pF, 
R|_ = 667n 


18 27 


ns 


tPLZ 


23 35 



i tPLH = propagation delay time, iow-to-high-level output 

tpm_ " propagation delay time, high-to-low-level output 

tp2H = output enable time to high level 

tpzi_ = output enable time to low level 

tpHZ = output disable time from high level 

tpi_z = output disable time from low level 
NOTE 3: Load circuits and waveforms are shown on page 3-11. 



TYPICAL APPLICATION DATA 



UP TO 64 LINES 



'i 1 1 ii i n 


1 2 3 4 5 6 7 


EO -LS348 El 


AO A1 A2 GS 



11111111 



1 2 3 4 5 6 7 
'LS348 



Ullllll' 



1 2 3 4 5 6 7 
LS348 



..._J 



I I I 

I I I 

I I I I I 



ikkikkkk 



1 2 3 4 5 6 7 



>-]_ 



l 1 1 1- 

I I I MSB , 



FIGURE 1 -PRIORITY ENCODER WITH UP TO 64 INPUTS. 
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TTL TYPE SN74351 

MSI DUAL DATA SELECTOR/MULTIPLEXER WITH 3-STATE OUTPUTS 

BULLETIN NO. DL-S 7612116, MARCH 1974- REVISED OCTOBER 1976 



Dual 8-Line-to-1-Line Multiplexer That 
Can Replace Two SN54151, SN74151 
Multiplexers in Some Applications 

Four Common Data Lines Permit Simultaneous 
Interdigitation with Parallel-to-Serial Conversion 

4-Bit Organization Is Easily Adapted to 
Handle Binary or BCD 

Three-State Outputs Can Be Connected 
Directly to System Bus Lines 

Enable Input Controls Impedance Levels of the 
12 Data Inputs and Two Outputs 



N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



description 



The SN74351 comprises two 8-line-to-1-line data 
selectors/multiplexers with full decoding on one 
monoiiuiic chip, oyrnrnetricany switching, comple- 
mentary decode generators minimize decoder skew 
during changes at the select inputs and ensure that 
potentially erroneous effects are minimized at the 
data outputs. Four data inputs are exclusive to each 
multiplexer and four are common to both. A 
common enable input is provided which, when high, 
causes both outputs to assume the high-impedance 
(off) state and simultaneously diverts the majority of 
the input current, which reduces the load signifi- 
cantly on the data input drivers. A low logic level at 
the enable input activates both outputs so that each 
will assume the complement of the level of the 
selected input. 



FUNCTION TABLE 



INPUTS 


OUTPUTS 


ENABLE 
G 


SELECT 


C B 


A 


1Y 


2Y 


H 


X X 


X 


Z 


Z 


L 


L L 


L 


Too 


2D0 


L 


L L 


H 


TdT 


2D1 


L 


L H 


L 


TD2 


2D2 


L 


L H 


H 


1D3 


2D3 


L 


H L 


L 


D4 


D4 


L 


H L 


H 


D5 


D5 


L 


H H 


L 


D6 


D6 


L 


H H 


H 


D7 


D7 



H = high level, L = low level, X = irrelevant 
Z = high impedance (off) 

1DO, 1D1, . . . D7 = The complement of the level of the respective 
D input 



DATA INPUTS 



VCC 2Y 200 201 2D2 2D3 D4 P5 D6 D7 




niJiiJiininirtininiiiin^ 



1Y ENABLE A B C 1D0 



1D2 1D3 GNO 



SELECT INPUTS 



DATA INPUTS 



logic: see function table 



functional block diagram 

ENABLE 5J2U£> 
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TYPE SN74351 

DUAL DATA SELECTOR/MULTIPLEXER WITH 3-STATE OUTPUTS 



REVISED OCTOBER 1976 



schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

vcc- 




Enable, DO thru D3: R eq = 4 kft NOM 
D4 thru D7: Rgq = 2 k!) NOM 
A, B, or C: R ea = 6.5 kfi NOM 



TYPICAL OF BOTH OUTPUTS 

Vcc 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vcc ( see Note 1 ) 

Input voltage 

Operating free-air temperature range 

Storage temperature range 

NOTE 1 : Voltage values are with respect to network ground terminal. 



... 7V 

... 5.5 V 

0°C to 70°C 

-65°Cto 150°C 



recommended operating conditions 

MIN NOM 

Supply voltage, Vcc 4 " 7 ^ ^ 

High-level output current, loH 

Low-level output current, I OL 

Operating free-air temperature, Ta ° 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



MAX UNIT 

5.25 V 

-0.8 mA 

16 mA 

70 °C 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|H High-level input voltage 




2 


V 


V|i_ Low-level input voltage 




0.8 


V 


V|k Input clamp voltage 


Vcc= MIN r l| = -12mA 


-1.5 


V 


VfjH High-level output voltage 


V C c = MIN > V IH = 2V, 
V| L = 0.8V, l OH =-0.8mA 


2.4 3.4 


V 


Vql Low-level output voltage 


V CC = MIN, V|H = 2V, 
V| L =0.8V, loL =1 6mA 


0.2 0.4 


V 


'OZH Off-state output current, high-level voltage applied 


V CC = MAX, Vjh = 2V, 
V = 2.4 V 


40 


MA 


IqzL " off state output current, low level voltage applied 


V C c = MAX, V IH = 2V - 
V = 0.4 V 


-40 


juA 


l| Input current at maximum input voltage 


Vcc = MAX - v l = 5 - 5 v 


1 


mA 


l|l_) High-level input current 


Enable, any select, 
any DO thru D3 


V C c = MAX ' v l = 2A v 


40 


juA 


D4 thru D7 


80 


1 1 1_ Low-level input current 


Enable, any select, 
any DO thru D3 


V C c = MAX, V|=0.4V 


-1.6 


mA 


D4 thru D7 


-3.2 


Any D 


V C c = MAX, V|=0.5, 
V|(enable) = 2V 


-40 


jxA 


lOS Short-circuit output current^ 


Vcc = MAX 


-18 -55 


mA 


'CC Supply current 


Vcc = MAX . See Note 2 


44 66 


mA 



f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

$AII typical values are at Vrjr; = 5 V, T^ = 25 C. 

§Not more than one output should be shorted at a time. 

NOTE 2: \qc is measured with the enable input grounded, other inputs and both outputs open. 
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TYPE SN74351 
DUAL DATA SELECTOR/MULTIPLEXER WITH 3-STATE OUTPUTS 



switching characteristics, Vcc = 5 V, Ta 


= 25°C 








PARAMETER 1 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


A, B, or.C 


Y 


C|_ = 50pF, R L = 400£2, 
See Note 3 


20 


ns 


tPHL 


20 


tPLH 


Any D 


Y 


10 


ns 


tPHL 


10 


tZH 


G 


Y 


13 


ns 


tZL 


20 


tHZ 


G 


Y 


C L = 5pF, R L = 400S2, 
See Note 3 


6 


ns 


tLZ 


10 



ftpLH — propagation delay time, low-to-high-level output 

t PHL = propagation delay time, high-to-low-level output 

*ZH — output enable time to high level 

t^L — output enable time to low level 

tHZ — output disable time from high level 

t[_2 = output disable time from low level 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 



TYPICAL APPLICATION DATA 

This application illustrates how common data can be intend igitated onto two serial data lines. It is useful for 
transmitting prefixes, suffixes, addresses, or similar functions. 



to tl 



t3 t4 t5 t6 t7 




1D0"TJ_ 
IDIJ-o" 
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DUAL 4-LINE-T0-1-UNE 



TYPES SN54LS352, SN74LS352 
DATA SELECTORS/MULTIPLEXERS 

BULLETIN NO. DL-S 7612463, OCTOBER 1976 



Inverting Versions of SN54LS153, SN74LS153 
Schottky-Diode-Clamped Transistors 
Permits Multiplexing from N lines to 1 line 

• Performs Parallel-to-Serial Conversion 

• Typical Average Propagation Delay Times: 

Data Input to Output . . . 15 ns 
Strobe Input to Output . . . 19 ns 
Select Input to Output . . . 22 ns 

• Fully Compatible with most TTL and DTL 
Circuits 

• Low Power Dissipation ... 31 mW Typical 
(Enabled) 

• Inverted Data 



SN54LS352 ... J OR W PACKAGE 

SN74LS352 ... J OR N PACKAGE 

(TOP VIEW) 



DATA INPUTS 







A 1C3 1C2 1C1 ICO 1Y 






DATA INPUTS 



logic: see function table 



FUNCTION TABLE 



description 



Each of these Schottky-clamped data selectors/- 
multiplexers contains inverters and drivers to supply 
fully complementary, on-chip, binary decoding data 
selection to the AND-OR-invert gates. Separate strobe 
inputs are provided for each of the two four-line 
sections. 
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Select inputs A 
H = high level. 



and B are common to both sections. 
L = low level, X = irrelevant 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc ( see Note 1) 7 V 

Input voltage 7 V 

Operating free-air temperature range: SN54LS352 — 55 C to 125 C 

SN74LS352 0°C to 70°C 

Storage temperature range -65 C to 150 C 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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TYPES SN54LS352, SN74LS352 
DUAL 4-LINE-T0-1-UNE DATA SELECTORS/MULTIPLEXERS 



functional block diagram 
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schematics of inputs and outputs 
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TYPES SN54LS352. SN74LS352 

DUAL 4-LINE-T0-1-LINE DATA SELECTORS/MULTIPLEXERS 

recommended operating conditions 



Supply voltage, Vcc 



High-level output current, Iqh 



Low-level output current, Iql 



Operating free-air temperature, T^ 



MIN NOM MAX 



-400 



MIN NOM MAX 



UNIT 



ma 



electrical characteristics over recommended operating f ree- 


air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS* 


SN54LS352 


SN74LS352 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|H High-level input voltage 




2 


2 


V 


V|i_ Low-level input voltage 




0.7 


0.8 


V 


V|k Input clamp voltage 


V C c = MIN, l| = -18mA 


-1.5 


-1.5 


V 


Vqh High-level output voltage 


V CC = MIN, V| H = 2V, 
V||_ = V|l max, Iqh = -400 *jA 


2.5 3.4 


2.7 3.4 


V 


Vol Low-level output voltage 


V C c = MIN, V|H = 2V, 
V|(_ = V|i_ max 


'OL = 4 mA 


0.25 0.4 


0.25 0.4 


V 


'OL = 8 mA 




0.35 0.5 


Input current at 
maximum input voltage 


Vcc = MAX - Vi = 7 V 


0.1 


0.1 


mA 


1 ih High-level input current 


V C c = MAX - v l = 2 - 7 v 


20 


20 


MA 


l|L Low-level input current 


Vcc = M AX, V| = 0.4 V 


-0.4 


-0.4 


mA 


lOS Short-circuit output current§ 


V C c = MAX 


-20 -100 


-20 -100 


mA 


'CCL Supply current, output low 


Vcc = MAX, See Note 2 


6.2 10 


6.2 10 


mA 



*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating . 

#Ail typical values are at V c c = 5 V, T^ = 25°C. 

§Not more than one output should be shorted at a time,and duration of the short-circuit should not exceed one second. 

NOTE 2: IcCL is measured with the outputs open and all inputs grounded. 



switching characteristics, Vcc = 5 V, Ta = 25°C 



PARAMETER 1 


FROM 

(INPUT! 


TO 

(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


Data 


Y 


C L =15pF, 
R L =2ktt, 
See Note 3 


13 20 


ns 


tPHL 


Data 


Y 


17 26 


ns 


tPLH 


Select 


Y 


19 29 


ns 


tPHL 


Select 


Y 


25 38 


ns 


tPLH 


Strobe 


Y 


16 24 


ns 


tPHL 


Strobe 


Y 




21 32 


ns 



1tp(_H — propagation delay time, low-to-high-level output 
*PHL s propagation delay tima, high-to-low-level output 
NOTE 3: Load circuits and voltage waveforms are shown on page 3-11. 
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DUAL 4-LINE-T0-1-UNE 



TYPES SN54LS353, SN74LS353 

DATA SELECTORS/MULTIPLEXERS 

WITH 3-STATE OUTPUTS 

BULLETIN NO. DL-S 7612464, OCTOBER 1976 



Inverting Versions of SN54LS253, SN74LS253 
Schottky-Diode-Clamped Transistors 
Permits Multiplexing from N Lines to 1 Line 

• Performs Parallel-to-Serial Conversion 

• Typical Average Propagation Delay Times: 

Data Input to Output . . . 12 ns 
Control Input to Output . . . 16 ns 
Select Input to Output ... 21 ns 

• Fully Compatible with Most TTL and DTL 
Circuits 

• Low Power Dissipation ... 35 mW Typical 
(Enabled) 

• Inverted Data 
description 



SN54LS353 ... J OR W PACKAGE 

SN74LS353 ... J OR N PACKAGE 

(TOP VIEW) 



OUTPUT 
CONTROL A 
VCC 2G S ELECT /- 



DATA INPUTS 
A 



ji«Tjir[jTr|j!r|jir|jT 



T 



£ 



2C1 2C0 

B B A A 



€j 



4 



1C3 1C2 1C1 ICO 1Y 



OUTPUT B ^ 

CONTROL SELECT 



III 



^i! I2I [3l — l«j — 1st — l«l — I7I — !»!~^ 



OUTPUT GND 



DATA INPUTS 



logic: see function table 



Each of these Schottky-clamped data selectors/multiplexers contains inverters and drivers to supply fully 
complementary, on-chip, binary decoding data selection to the AND-OR-invert gates. Separate output control inputs are 
provided for each of the two four-line sections. 

The three-state outputs can interface with and drive data lines of bus-organized systems. With all but one of the 
common outputs disabled (at a high-impedance state) the low-impedance of the single enabled output will drive the bus 
line to a high or low logic level. 



logic 



FUNCTION TABLE 



SELECT 
INPUTS 


DATA INPUTS 


OUTPUT 
CONTROL 


OUTPUT 


B A 


CO C1 C2 C3 


G 


Y 


X X 

L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 


X X X X 
L X X X 
H X X X 
X L X X 
X H X X 
X X L X 
X X H X 
X X X L 
X X X H 


H 

L 
L 
L 
L 
L 
L 
L 
L 


Z 
H 
L 
H 
L 
H 
L 
H 
L 



Select inputs A and B are common to both sections. 
H = high level, L = low level, X = irrelevant, Z = high 



npedance (off) 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 7 V 

Input voltage 7 V 

Off-state output voltage 55 v 

Operating free-air temperature range: SN54LS353 -55°Cto125°C 

SN74LS353 0°C to 70°C 

Storage temperature range — 65°Cto150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 
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TYPES SN54LS353. SN74LS353 

DUAL 4-LINE-T0-1-UNE DATA SELECTORS/MULTIPLEXERS 

WITH 3-STATE OUTPUTS 



functional block diagram 
OUTPUT 
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schematics of inputs and outputs 




EQUIVALENT OF EACH INPUT 



vcc- 



* 



TYPICAL OF BOTH OUTPUTS 

-V cc 
100 £1 NOM * 




7-458 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



TYPES SN54LS353. SN74LS353 

DUAL 4-LINE T0-1-LINE DATA SELECTORS/ 

MULTIPLEXERS WITH 3-STATE OUTPUTS 



recommended operating conditions 




SN54LS353 


SN74LS353 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, Ioh 


-1 


-2.6 


mA 


Low-level output current, Iol 


4 


8 


mA 


Operating free-air temperature, T/\ 


-55 125 


70 


°C 


electrical characteristics over recommended operating free- 


air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS? 


SN54LS353 


SN74LS353 


UNIT 


MIN TYP* MAX 


MIN TYPT MAX 


V|H High-level input voltage 




2 


2 


V 


V| |_ Low-level input voltage 




0.7 


0.8 


V 


V|k Input clamp voltage 


V C c = MIN, l| = -18mA 


-1-5 


-1.5 


V 


V'oh High-ievei output voitage 


V C c = MIN, V| H = 2V, 

V||_ = V||_ max, IOH = MA * 


2.4 3.4 


2.4 3.1 


V 


Vql Low-level output voltage 


V CC = MIN, V| H = 2V, 
Vjj_ = Vjj_ max 


'OL = 4 mA 


0.25 0.4 


0.25 0.4 


V 


■Oi_ = " "■" 




0.35 0.5 


Off-State (high-impedance 
u ^ state) output current 


\/„„ = iva&y \/i.i = 9V 


V = 2.7 V 


20 


20 


"A 


Vq = 0.4 V 


-20 


-20 


Input current at 
l| 

maximum input voltage 


V CC = MAX, V| = 7 V 


0.1 


0.1 


mA 


l|H High-level input current 


V CC = MAX, V| = 2.7V 


20 


20 


MA 


l|L Low-level input current 


V CC = MAX, V ( = 0.4 V 


-0.4 


-0.4 


mA 


'OS Short-circuit output current? 


Vcc = MAX 


-30 -1 30 


-30 -130 


mA 


IrjC Supply current 


Vcc = MAX - See Note 2 


Condition A 


7 12 


7 12 


mA 


Condition B 


8.5 14 


8.5 14 



"•"For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$AM typical values are at Vqq = 5 V, T A = 25°C. 

§Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 2: \qq is measured with the outputs open under the following conditions: 

A. All inputs grounded. 

B. Output control at 4.5 V, all inputs grounded. 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER11 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


Data 


Y 


Ci_ = 15pF, R L = 2 kSZ, 
See Note 3 


11 25 


ns 


tPHL 


13 20 


tPLH 


Select 


Y 


20 45 


ns 


tPHL 


21 32 


tPZH 


Output 
Control 


Y 


11 23 


ns 


tPZL 


15 23 


tPHZ 


Output 
Control 


Y 


C L = 5pF, R L = 2k£2, 
See Note 3 


27 41 


ns 


tPLZ 


12 27 



*P LH ~ Propagation delay time, low-to-high-level output 
tpH|_ — Propagation delay time, high-to-low-level output 

*PZH~ Output enable time to high level 

*PZL~ Output enable time to low level 

*PHZ ~ Output disable time from high level 

tp(_2 — Output disable time from low level 

NOTE 3: Load circuit and waveforms are shown on page 3-1 1 . 
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TYPE SN74LS362 (TIM9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 



BULLETIN NO. DL-S 7612476, OCTOBER 1976 



Clock Generator/Driver for The 
TMS 9900 or Other Microprocessors 

High-Level 4-Phase Outputs 

Complementary TTL 4-Phase Outputs 

Self-Contained Oscillator Can be 
Crystal or Capacitor Controlled 

External Oscillator Can Be Used 

Clocked D-Type Flip-Flop With 
Schmitt-Trigger Input For Reset 
Signal Synchronization 



SN74LS362 ... J OR N PACKAGE 
(TOP VIEW) 



description 



XTAL XTAL OSC OSC 02 01 
V CC 2 1 IN OUT TTL TTL V DD 1 "^ 



FFQ FFD TTL TTL 03 



TANK TANK GND FFQ FFD 04 03 03 04 GND 

1 2 1 TTL TTL 2 



The 'LS362 consists of an oscillator, divide-by-four counter, a second divide-by-four counter with gating to generate 
four clock phases, high-level (12-volt) output drivers, low-level (5-volt) complementary output drivers, and a D-type 
flip-flop controlled by an external signal and the 03 clock. The four high-level clock phases provide clock inputs to a 
TMS 9900 microprocessor. The four complementary TTL-level clocks can be used to time memory or other logic 
functions in a TMS 9900 computer system. The D-type flip-flop can be used to provide (for example) a reset signal to a 
TMS 9900, timed by 03, on receipt of an input to the FFD input from power turn-on or a manual switch closure. Other 
applications are possible. A safety feature has been incorporated in the outputs such that if an open occurs in the 
VqC supply common to 'LS362 and TMS 9900, the outputs will go low thus protecting the TMS 9900. 

The frequency of the internal oscillator can be established by a quartz crystal or capacitor and LC circuit. Either a 
fundamental or overtone crystal may be used. The LC circuit connected to the tank inputs selects the desired crystal 
overtone or establishes the internal oscillator frequency when a capacitor is used instead of a crystal. An LC circuit 
must always be used at the tank inputs when using the internal oscillator. An external oscillator can be used, if desired, 
see "Applications Information" for details. 



typical phase relationships of inputs and outputs (OSC is internal) 
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TYPE SN74LS362 (TIM9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 



functional block diagram 
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TYPE SN74LS362 (TIM9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 



schematics of inputs and outputs 



EQUIVALENT OF D INPUT 

v C c 

20 kfi NOM 
INPUT — f^Sf-i •-- - 




EQUIVALENT OF 
TANK INPUTS 



vcc- 



5f ^ 



m 



EQUIVALENT OF OSCIN INPUT 



V C C 



2.3 k« NOM 




TYPICAL OF 
01 , 02, 03 AND 04 OUTPUTS 



f— VDD 



EQUIVALENT OF XTAL 1 AND 
XTAL 2 INPUTS 




<» GND 1 




TYPICAL OF OSCOUT, Q, AND 
ALL TTL OUTPUTS 

-VCC 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage: Vqc < see Note 1 ' 7V 

Vqd (see Note 1) •. 13 V 

Input voltage: OSCIN 5.5 V 

FFD -0.5Vtc7V 

Operating free-air temperature range C to 70 C 

Storage temperature range ~ 65 C to 150 C 

NOTE 1 : Voltage values are with respect to the network ground terminals connected together. 

recommended operating conditions 





MIN 


NOM 


MAX 


UNIT 


Supply voltages 


v C c 


4.75 


5 


5.25 


V 


VDD 


11.4 


12 


12.6 


V 


High-level output current, IrjH 


0t, 02, 03, 04 


-100 


mA 


All others 


-400 


ma 


Low-level output current, IrjL 


01,02,03,04 


4 


mA 


All others 


8 


mA 


Internal oscillator frequency, f osc 




48 


54 


MHz 


External oscillator pulse width, t w ( sct 


25 


ns 


Setup time, FFD input (with respect to falling edge of 03), t su 


50 


ns 


Hold time, FFD input (with respect to falling edge of 03), t n 


-30 


ns 


Operating free-air temperature, Ta 







70 


°C 
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TYPE SN74LS362 (TIM9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


M1N TYP* MAX 


UNIT 


V|h High-level input voltage 




2 


V 


Low-level 

V IL 

input voltage 


FFD 




0.5 


V 


OSCIN 


0.8 


Vj+ — Vj_ Hysteresis 


FFD 




0.4 0.8 


V 


V|K Input clamp voltage 


Vcc = 4.75V, V DD = 11.4 V, l| = -18mA 


-1.5 


V 


High-level 

V ° H * ♦ ,. 

output voltage 


01 , 02, 03, 04 


Vcc = 4.75 V, 

V D d = 11.4 V to 12.6 V 


IOH= -100juA 


VDD-2 V DD -1.5 V DD 


V 


Other outputs 


'OH = -400 juA 


2.7 3.4 


Low-level 

v OL 

output voltage 


01 , 02, 03, 04 


Vcc = 4.75 V, V DD = 11.4V 


'OL = 4 mA 


0.25 0.4 


mA 


Other outputs 


'OL = 4 mA 


0.25 0.4 


lOL = 8 mA 


0.35 0.5 


Input current at 
l| 

maximum input voltage 


FFD 


V C c = 5.25 V, V DD = 1 2.6 V 


V| = 7 V 


0.1 


mA 


OSCIN 


V| = 5.5 V 


0.3 


High-levei 
input current 


FFD 


V C c = 5.25 V, V DD = 1 2.6 V, V| = 2.7 V 


20 


MA 


OSCIN 


60 


Low-level 
input current 


FFD 


vcc ~ °- i0 v i V DD = '^- D v i v l = u -'* v 


-0.4 


mA 


OSCIN 


-3.2 


Short-circuit 
'OS " "-v-.-".^ 

output current? 


All except 
01,02,03,04 


V C c = 5 - 25 v 


-20 -100 


mA 


ICC Supply current from Vcc 


V C c = 5.25 V, FFD and OSCIN at GND, 
Outputs open 


105 175 


mA 


IqD Supply current from Vprj 


V C c = 5.25 V, V DD = 12.6 V, 

FFD and OSCIN at GND, Outputs open 


12 20 


mA 



t AII typical values are at V cc = 5 V, V DD = 12 V, T A = 
?Not more than one output should be shorted at a tir 
and 04 do not have short-circuit protection. 



25 C. 
le, and duration of the short-circuit should not ex 



ceed one second. Outputs 01 , 02, 03, 



switching characteristics, Ta = 25°C, Vfxi = 5 V, VfjC2 = 12 V, f = 48 MHz, see figure 1 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


f out 


Output frequency, any or TTL 


Output loads: 

01,03,04: 100 pF to GND 

02: 200 pF to GND 

Others: Rl = 2 kn, 

C L = 15 pF 

See Note 2 


3 


MHz 


f out 


Output frequency, OSCOUT 


12 


MHz 


tc(0) 


Cycle time, any <p output 


333 


ns 


l r(0) 


Rise time, any output 


10 




20 


ns 


^(0) 


Fall time, any output 


10 




20 


ns 


V(0) 


Pulse width, any output high 


40 


ns 


%>1 L, 02H 


Delay time, 01 low to 02 high 





5 


15 


ns 


*02L, 03H 


Delay time, 02 low to 03 high 





5 


15 


ns 


t03L, 04H 


Delay time, 03 low to 04 high 





5 


15 


ns 


t04L,01H 


Delay time, 04 low to 01 high 





5 


15 


ns 


t01H,02H 


Delay time, 01 high to 02 high 


70 


83 




ns 


^H.^SH 


Delay time, 02 high to 03 high 


70 


83 




ns 


t03H, 04H 


Delay time, 03 high to 04 high 


70 


83 




ns 


t04H,01H 


Delay time, 04 high to 01 high 


70 


83 




ns 


VH.^TL 


Delay time, n high to n TTL low 


-8 


ns 


*0L, 0TH 


Delay time, n low to n TTL high 


-19 


ns 


^L, QH 


Delay time, 03 low to FFQ output high 


-7 


ns 


^L, QL 


Delay time, 03 low to FFQ output low 


-12 


ns 


%pL, OSOH 


Delay time, low to OSCOUT high 


-5 


ns 


t0H, OSOL 


Delay time, FFQ high to OSCOUT low 


-13 


ns 



NOTE 2: Use load circuit for bi-state totem-pole outputs, page 3-1 1 . 
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TYPE SN74LS362 (TIM9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 



APPLICATION INFORMATION 

Figure 2 shows the 'LS362 connected to a TMS9900. The oscillator is shown operating with a quartz crystal and an 
LC circuit connected to the tank terminals. 

For operation of the TMS 9900 microprocessor at 3 MHz, the frequency reference will need a resonant frequency of 
48 MHz (16x3 MHz). A quartz crystal used as a frequency reference should be made for series-mode operation with a 
resistance in the 20- to 75-ohm range and be capable of a minimum of 2 mW power dissipation. Typical frequency 
tolerance is ±0.005%. For 48-MHz operation a third-overtone crystal is used. The inductance L connected across the 
tank terminals should be 0.47 juH ± 10%, and the capacitance C (including board capacity) should be 22 pF ± 5%. The 
LC circuit should be tuned to the third-Overtone crystal frequency for best results. A 0.1-juF capacitor can be substi- 
tuted for the quartz crystal. With a capacitor rather than a crystal, the LC tuned circuit establishes the operating 
frequencies. LC component values for operation at any frequency can be computed from f osc = 1/(27r\/LC) where 
f osc is the oscillator frequency, L is the inductance value in henries, and C is the capacitance value in farads. 

When the internal oscillator is being used, OSCIN should be connected to Vrjc through a resistor (1 k£2 nominal) and 
an LC tank circuit must be connected to the tank inputs. An externa! oscillator can be used by connecting it to OSCIN 
and disabling the internal oscillator by connecting the crystal terminals to Vqc and leaving the tank inputs open. An 
external oscillator must have a frequency four times the desired output clock frequency and a 25% duty cycle. See 
Figure 3. 

The first iow-ievei externai dock pulse will preset the divide-by-four counter, allowing the external oscillator signal to 
directly drive the phase generator. Figure 3 is a timing diagram illustrating operation with an external oscillator. 

Resistors between 01 , 02, 03, and 04 outputs of the 'LS362 and the corresponding clock input terminals of the TMS 
9900 should be in the 10- to 20-ohm range (See Figure 2). Their purpose is to minimize overshoot and undershoot. 
The required resistance value is dependent on circuit layout. Clock signal interconnections should be as short as possible. 

The D-type flip-flop associated with pins FFD and FFQ can be used to provide a power-on reset and a manual reset to 
the TMS 9900 as shown in Figure 4. A Schmitt-trigger circuit driving the D input generates a fast-rising waveform when 
the input voltage rises to a specific value. At power turn-on, voltage across the 0.1 £iF capacitor in Figure 4 will rise 
towards VrjC- This circuit provides a delay that resets the TMS 9900 after Vqc has stabilized. An optional manual 
reset switch can be connected to the delay circuit for resetting the TMS 9900 at any time. The TMS 9900 HOLD 
signal could alternately be actuated by FFD. 

The ground terminals GND1 and GND2 should be connected together and to system ground. 
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TYPE SN74LS362 (TIM9904) 
FOUR-PHASE CLOCK GENERATOR/DRIVER 



APPLICATION INFORMATION 
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FIGURE 3-EXTERNAL OSCILLATOR TIMING 
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TYPES SN54LS363, SN54LS364, SN74LS363, SN74LS364 

OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED FLIP-FLOPS 

BULLETIN NO. DL-S 7612466, OCTOBER 1976 



• High Voh . . ■ 3.65 V Min ( 74LS'} 

Choice of 8 Latches or 8 D-Type Flip- Flops 
In a Single Package 

3-State Bus-Driving Outputs 

Full Parallel-Access for Loading and Reloading 

Buffered Control Inputs 

Clock/Enable Input Has Hysteresis to Improve 
Noise Rejection and P-N-P Inputs To Reduce 
D-C Loading 

SN54LS373/SN74LS373 and SN54LS374/ 
SN74LS374 Are Similar But Have Standard 
V QH of 2.4 V Min 



'LS363 
FUNCTION TABLE 



SN54LS363 ... J PACKAGE 

SN74LS363 ... J OR N PACKAGE 

(TOP VIEW) 



VCC «Q «D 7D 70 



JEiaaMJEiH^Ma^ 




on ilwo 



r, ,n , , r, ,n 



WliJliJliJliJ^^ 



logic: see function table 



OUTPUT 
CONTROL 


ENABLE 

D 
G 


OUTPUT 


L 
L 
L 
H 


H H 
H L 
L X 
X X 


H 

L 

Qo 

z 


'LS364 
FUNCTION TABLE 


OUTPUT 
CONTROL 


CLOCK D 


OUTPUT 


L 
L 
L 
H 


X -1 X X 


H 

L 

Qo 

z 



SN54LS364 , , , J PACKAGE 

SN74LS364 ... J OR N PACKAGE 

(TOP VIEW) 



See explanation of function tables on page 3-8. 



description 



70 7Q 6Q 



50 SO CLOCK 



J3MSRM3HSMEL 



www w 






7~ , h 



jms\ 



tfH 



TjjiLn±fi±JiiJiiJiiJiiJi^j^ 



30 4D 4Q GNO 



logic: see function table 



These 8-bit registers feature totem-pole three-state outputs designed specifically for driving highly-capacitive or 
relatively low-impedance loads. The high-impedance third state and increased high-logic-level drive provide these 
registers with the capability of being connected directly to and driving the bus lines in a bus-organized system without 
need for interface or pull-up components. They are particularly attractive for implementing buffer registers, I/O ports, 
bidirectional bus drivers, and working registers. 

The eight latches of the 'LS363 are transparent D-type latches meaning that while the enable (G) is high the Q outputs 
will follow the data (D) inputs. When the enable is taken low the outputs will be latched at the level of the data that 
was setup. 

The eight flip-flops of the 'LS364 are edge-triggered D-type flip-flops. On the positive transition of the clock the Q 
output will be set to the logic state that was setup at the D input. The 'LS363 is particularly useful for interfacing to 
MOS logic where a higher than normal Voh lev el is desirable such as that required by the TMS 8080A microprocessor. 
Schmitt-trigger buffered inputs at the enable ('LS363) and clock ('LS364) lines simplify system design as ac and dc 
noise rejection is improved by typically 400 mV due to the input hysteresis. A buffered output control input can be 
used to place the eight outputs in either a normal logic state (high or low logic levels) or a high-impedance state. In the 
high-impedance state the outputs neither load nor drive the bus line significantly. 
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TYPES SN54LS363, SN54LS364, SN74LS363, SN74LS364 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 



functional block diagram 

Same as SN54LS373/SN74LS373 and SN54LS374/SN74LS374 



schematics of inputs and outputs 



'LS363 



EQUIVALENT OF DATA AND 
OUTPUT CONTROL INPUTS 

V C C 



: ;R eq 
INPUT > J | 1 *- — 



Data: R^ = 20 k£2 NOM 
Output control: Req = 18 kfi NOM 



EQUIVALENT OF ENABLE INPUT 

vcc 



17 kONOM 



INPUT- 



< 



TYPICAL OF ALL OUTPUTS 



V C C 




EQUIVALENT OF 
DATA INPUTS 



vcc- 



*^ 



EQUIVALENT OF OUTPUT 
CONTROL INPUT 



vcc- 



18 k« NOM 

d>H* — r— 



EQUIVALENT OF 
CLOCK INPUT 



VCC- 



;:17 kONOM 



INPUT — •— • 



< 






TYPICAL OF ALL OUTPUTS 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vqq (see Note 1 ) 7 v 

Input voltage 7 V 

Off-state output voltage 7 v 

Operating free-air temperature range: SN54LS' —55 C to 125 C 

SN74LS' 0°Cto70°C 

Storage temperature range —65 C to 1 50 C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 





SN54LS' 


SN74LS' 


UNIT 


MIN 


NOM 


MAX 


MIN 


NOM 


MAX 


Supply voltage, Vcc 


4.5 


5 


5.5 


4.75 


5 


5.25 


V 


High-level output voltage, Voh 


5.5 


5.5 


V 


High-level output current, Ioh 


-1 


-2.6 


mA 


Width of clock/enable pulse, t w 


High 


15 


15 


ns 


Low 


15 


15 


Data setup time, t^ 


'LS363 


01 


0; 


ns 


'LS364 


20f 


20f 


Data hold time, t n 


'LS363 


104. 


10| 


ns 


'LS364 


Of 


Of 


Operating free-air temperature, T/\ 




-55 




125 







70 


°C 



tl The arrow indicates the transition of the clock/enable input used for reference: t for the low-to-high transition, + for the high-to-low transi 
tion. 
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TYPES SN54LS363, SN54LS364, SN74LS363, SN74LS364 

OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED FLIP-FLOPS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


SN54LS' 


SN74LS' 


UNIT 


MIN TYPt MAX 


MIN TYP* MAX 


V-[-j High-lave! input voltage 




2 


2 


V 


V||_ Low-level input voltage 




0.7 


0.8 


V 


V||< Input clamp voltage 


V CC = MIN, l| = -18mA 


-1.5 


-1.5 


V 


VOH High-level output voltage 


V CC = MIN, V| H = 2V, 
V IL = V||_max, Iqh = MAX 


3.45 


3.65 


V 


Vqi_ Low-level output voltage 


V CC = MIN, V IH = 2V, 
V|i_ = V||_max 


lOL = 12 mA 


0.25 0.4 


0.25 0.4 


V 


Iql = 24 mA 




0.35 0.5 


Off -state output current, 
'OZH . . . , , . 

high-level voltage applied 


V CC = MAX, V| H = 2V, 
Vo = 3.65 V 


20 


20 


MA 


Off-state output current, 
low-level voltage applied 


V C c = MAX, V| H = 2V, 
Vo = 0.4 V 


-20 


-20 


ma 


input current at 
l| 

maximum input voltage 


V CC = MAX, V|=7V 


0.1 


0.1 


mA 


1 ih High-level input current 


Vcc = MAX, V|=2.7V 


20 


20 


mA : 


l||_ Low-level input current 


VqC = MAX, v l = 0.4 V 


-400 


-400 


mA 


!qs Short-circuit output current! 


V CC = MAX 


-30 -130 


-30 -130 


rnA 


'CC Supply current 


V CC = MAX, Output control at 4.5 V 


42 70 


42 70 


mA 



■"■For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAII typical values are at V cc = 5 V, T A = 25°C. 

8 Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 



switching characteristics, Vqq 


= 5V,T A = 25°C 








PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


'LS363 


'LS364 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


fmax 






C L = 45pF, R L = 667n, 
See Notes 2 and 3 




35 50 


MHz 


tPLH 


Data 


Any Q 


15 23 




ns 


tPHL 


18 27 




tPLH 


Clock or 
enable 


Any Q 


19 30 


21 33 


ns 


tPHL 


24 36 


22 34 


tPZH 


Output 
Control 


Any Q 


16 28 


16 28 


ns 


tPZL 


22 36 


22 36 


tPHZ 


Output 
Control 


Any Q 


C L = 5pF, Ri_ = 667n, 
See Note 3 


12 20 


10 18 


ns 


tPLZ 


16 25 


14 24 



NOTES: 2. Maximum clock frequency is tested with all outputs loaded. 
3. See load circuits and waveforms on page 3-1 1 . 

f max = maximum clock frequency 

tp|_H = propagation delay time, low-to-high-level output 

■tpHL = propagation delay time, high-to-low-level output 

tpZH ~ output enable time to high level 

tp^L = output enable time to low level 

tPHZ = output disable time from high level 

tp|_2 = output disable time from low level 
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TYPES SN54LS363, SN54LS364, SN74LS363, SN74LS364 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 

TYPICAL APPLICATION DATA 



OUTPUT 
CONTROL 1 



BIDIRECTIONAL BUS DRIVER 
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BIDIRECTIONAL 
DATA BUS 2 



OUTPUT 
CONTROL 2 




CLOCK CIRCUIT FOR BUS EXCHANGE 



EXPANDABLE 44MORD-BY-S-BIT GENERAL REGISTER FILE 



1/2SN74LS139 



ENABLE SELECT 



( = l 



r 



u 



1/2SN74LS139 



YO Y1 Y2 Y3 

A B O 



D 



CLOCK ~| |~~ 
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TYPES SN54LS373, SN54LS374, SN54S373. SN54S374, 

SN74LS373, SN74LS374, SN74S373, SN74S374 

OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED FLIP-FLOPS 

BULLETIN NO. DL-S 7612350, OCTOBER 1976 



• Choice of 8 Latches or 8 D-Type Flip-Flops 
In a Single Package 

• 3-Staie Bus-Driving Outputs 

• Full Parallel-Access for Loading 

• Buffered Control Inputs 

• Clock/Enable Input Has Hysteresis to Improve 
Noise Rejection 

• P-N-P Inputs Reduce D-C Loading on 
Data Lines CS373 and 'S374) 

• SN54LS363 and SN74LS364 Are Similar But 
Have Higher Vq H For M0S Interface 



'LS373, 'S373 
FUNCTION TABLE 



OUTPUT 
CONTROL 


ENABLE 

D 
G 


OUTPUT 


L 
L 
L 
H 


H H 
H L 
L X 
X X 


H 

L 

Qo 

z 



'LS374, 'S374 
FUNCTION TABLE 



OUTPUT 
CONTROL 


CLOCK 


D 


OUTPUT 


L 


t 


H 


H 


L 


t 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


z 



SN54LS373, SN54S373 ... J PACKAGE 

SN74LS373, SN74S373 ... J OR N PACKAGE 

(TOP VIEW) 



*CC «•"-' » *« '" ou au 3U bU G 



yuuu 



OQgp 



r *. .^ .". rJ . .'~ | . . ^ 



LaJ1jJIaJI±11jJIaJ11^^ 



30 40 40 GND 



logic: see function table 



SN54LS374, SN54S374 ... J PACKAGE 

SN74LS374, SN74S374 ... J OR N PACKAGE 

(TOP VIEW) 



See explanation of function tables on page 3-8. 



Vcc 8Q 8D 7D 7Q 6Q 



Ji^HMiT^^ 




^ . . r\ . h . . ^ . .^ 



^iiMijiijiijiijiirLiJi^^ 



logic: see function table 



description 



These 8-bit registers feature totem-pole three-state outputs designed specifically for driving highly-capacitive or 
relatively low-impedance loads. The high-impedance third state and increased high-logic-level drive provide these 
registers with the capability of being connected directly to and driving the bus lines in a bus-organized system without 
need for interface or pull-up components. They are particularly attractive for implementing buffer registers, I/O ports, 
bidirectional bus drivers, and working registers. 

The eight latches of the 'LS373 and 'S373 are transparent D-type latches meaning that while the enable (G) is high the 
Q outputs will follow the data (D) inputs. When the enable is taken low the output will be latched at the level of the 
data that was setup. 



TENTATIVE DATA SHEET 
This document provides tentative information TrvAC I\QTRI1MFNTQ 
on a new product. Texas Instruments reserves * incorporated 

the right to change specifications for this 
product in any manner without notice. 



7471 



POST OFFICE BOX 5012 



DALLAS. TEXAS 7S222 



TYPES SN54LS373, SN54LS374, SN54S373, SN54S374. 
SN74LS373, SN74LS374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 



description (continued) 

The eight flip-flops of the 'LS374 and 'S374 are edge-triggered D-type flip-flops. On the positive transition of the clock, 

the Q outputs will be set to the logic states that were setup at the D inputs. 

Schmitt-trigger buffered inputs at the enable/clock lines simplify system design as ac and dc noise rejection is improved 

by typically 400 mV due to the input hysteresis. A buffered output control input can be used to place the eight 

outputs in either a normal logic state (high or low logic levels) or a high-impedance state. In the high-impedance state 

the outputs neither load nor drive the bus lines significantly. 

The output control does not affect the internal operation of the latches or flip-flops. That is, the old data can be 

retained or new data can be entered even while the outputs are off. 



'LS373, 'S373 
TRANSPARENT LATCHES 



'LS374, 'S374 
POSITIVE-EDGE-TRIGGERED FLIP-FLOPS 
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schematic of inputs and outputs 



EQUIVALENT OF DATA AND 
OUTPUT CONTROL INPUTS 

vcc 



INPUT - 



*■ 



Data: Req = 20 k£2 NOM 
Output control: Req = 18k£2NOM 



EQUIVALENT OF ENABLE INPUT 



vcc- 



17 kn NOM 



if LfJ 



TYPICAL OF ALL OUTPUTS 

•vcc 

100 a NOM 




EQUIVALENT OF 
DATA INPUTS 



vcc- 



7»- 



EQUIVALENT OF OUTPUT 
CONTROL INPUT 

V CC — f 



INPUT -+& 



EQUIVALENT OF 
CLOCK INPUT 



VCC- 



17 



i — 



TYPICAL OF ALL OUTPUTS 
• Vr.r. 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqq (see Note 1 ) 7 V 

Input voltage 7 V 

Off-state output voltage 7 V 

Operating free-air temperature range: SN 54 LS' -55°Cto125°C 

SN74LS' 0°Cto70°C 

Storage temperature range -65°Cto150°C 

NOTE 1: Voltage values are with respect to network ground terminal. 



recommended operating conditions 





SN54LS' 


SN74LS' 


UNIT 


MIN 


NOM MAX 


MIN NOM 


MAX 


Supply voltage, Vcc 


4.5 


5 5.5 


4.75 5 


5.25 


V 


High-level output voltage, Vqh 


5.5 


5.5 


V 


High-level output current, Iqh 


-1 


-2.6 


mA 


Width of dock/enable pulse, t^ 


High 


15 


15 


ns 


Low 


15 


15 


Data setup time, tgj 


'LS373 


0| 


04- 


ns 


'LS374 


20f 


20t 


Data hold time, t^ 


'LS373 


10; 


104. 


ns 


'LS374 


Of 


Of 


Operating free-air temperature, T/\ 


-55 


125 





70 


°C 


T4- The arrow indicates the transition of the clock/ 
tion. 


enable input used for r< 


ference: 


T for the low-to-high 


transition, 4 for the 


high -to-low 


transi- 
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TYPES SN54LS373, SN54LS374, SN74LS373, SN74LS374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


SN54LS' 


SN74LS' 


UNIT 


MIN TYP* 


MAX 


MIN TYP* 


MAX 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.7 


0.8 


V 


V| K 


Input clamp voltage 


Vrx = MIN, || = -18mA 


-1.5 


-1.5 


V 


V H 


High-level output voltage 


V C c = MIN, V| H = 2V, 
V|l = V|[_max, loH = MAX 


2.4 3.4 


2.4 3.1 


V 


vol 


Low-level output voltage 


V cc = lv1IN, V|H = 2V, 
V||_ = V||_max 


IOL = 12 mA 


0.25 


0.4 


0.25 


0.4 


V 


Iql = 24 mA 




0.35 


0.5 


lOZH 


Off-state output current, 
high-level voltage applied 


V CC = MAX, V|H = 2V, 
V = 2.7 V 


20 


20 


juA 


'OZL 


Off-state output current, 
low-level voltage applied 


V C c = MAX, V| H = 2V, 
Vq = 0.4 V 


-20 


-20 


MA 


Input current at 
maximum input voltage 


Vcc = MAX . V| = 7 V 


0.1 


0.1 


mA 


l|H 


High-level input current 


Vcc = MAX, V|=2.7V 


20 


20 


MA 


hL 


Low-level input current 


Vcc = MAX > v l = °- 4 v 


-0.4 


-0.4 


mA 


!OS 


Short-circuit output current^ 


Vcc = MAX 


-30 


-130 


-30 


-130 


mA 


!CC 


Supply current 


V C c = MAX, 

Output control at 4.5 V 


'LS373 


24 


40 


24 


40 


mA 


'LS374 


27 


45 


27 


45 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at V cc = 5 V, T A = 25° C. 

§ Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 



switching characteristics, Vqq = 5 V, T^ = 25° C 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


'LS373 


'LS374 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


f max 






Ci_ = 45pF, R L = 667 12, 
See Notes 2 and 3 




35 50 


MHz 


tPLH 


Data 


Any Q 


10 18 




ns 


tPHL 


18 27 




tPLH 


Clock or 
enable 


Any Q 


14 25 


16 28 


ns 


'PHL 


24 36 


22 34 


tPZH 


Output 
Control 


Any Q 


16 28 


16 28 


ns 


tPZL 


22 36 


22 36 


tPHZ 


Output 
Control 


Any Q 


C|_ = 5pF, R L = 667fi, 
See Note 3 


12 20 


10 18 


ns 


tPLZ 


16 25 


14 24 



NOTES: 2. Maximum clock frequency is tested with all outputs loaded, 
3. See load circuits and waveforms on page 3-11. 

f max = maximum clock frequency 

tpi m = propagation delay time, low-to-high-level output 

tPHL ~ propagation delay time, high-to-low-level output 

tp^H = output enable time to high level 

tp^L — output enable time to low level 

tPHZ — output disable time from high level 

t PLZ s output disable time from low level 



DESIGN GOAL 

This page provides tentative information on a 
7-474 product in the developmental stage. Texas 
Instruments reserves the right to change or dis- 
continue this product without notice. 
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TYPES SN54S373, SN54S374, SN74S373. SN74S374 

OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED FLIP-FLOPS 



schematic of inputs and outputs 



EQUIVALENT OF EACH INPUT 



v C c- 



t 




rh fb 



TYPICAL OF ALL OUTPUTS 




■vec 



■OUTPUT 



• l> 



m 



absoiute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqq (see Note 1 ) 7 v 

Input voltage 5.5 V 

Off-state output voltage 55V 

Operating free-air temperature range: SN54S' . . -55°Cto125°C 

SN74S' '.'.'.'.. 0°Cto70°C 

Storage temperature range -65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 



recommended operating conditions 





SN54S' 


SN74S' 


UNIT 


MIN 


NOM 


MAX 


MIN 


NOM 


MAX 


Supply voltage, Vfjc 


4.5 


5 


5.5 


4.75 


5 


5.25 


V 


High-level output voltage, Vqh 


5.5 


5.5 


V 


High-level output current, Iqh 


-2 


-6.5 


mA 


Width of clock/enable pulse, t w 


High 


6 


6 


ns 


Low 


7.3 


7.3 






Data setup time, tg, 


'S373 


04 


OJ, 


ns 


'S374 


5f 


5t 


Data hold time, tf. 


'S373 


10| 


10J. 


ns 


'S374 


2t 


2f 


Operating free-air temperature, T^ 


-55 




125 







70 


°C 



T4- The arrow indicates the transition of the clock/enable input used for reference: t f 
tion 



or the low-to-high transition, 4- for the high-to-low transi- 



TENTATIVE DATA 



This page provides tentative information on a ^p j 

new product. Texas Instruments reserves the 1EXAS INSTRUMENTS 

right to change specifications for this product incorporated 

in any manner without notice. post office box 5012 



7475 



DALLAS. TEXAS 75222 



TYPES SN54S373, SN54S374, SN74S373. SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN 


TYPt 


MAX 


UNIT 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V|K 


Input clamp voltage 


Vcc= MIN, 


ll = -18mA 


-1.2 


V 


VOH 


High-level output voltage 


SN54S' 


V C c= MIN, 
V| L = 0.8V, 


V| H = 2V, 
lOH = MAX 


2.4 


3.4 




V 


SN74S' 


2.4 


3.1 




vol 


Low-level output voltage 


V C c = MIN, 
V| L = 0.8V, 


V| H = 2V, 
'OL = 20 mA 


05 


V 


"OZH 


Off -state output current, 
high-level voltage applied 


V CC = MAX, 
V = 2.4 V 


V, H = 2V, 


50 


"A 


"OZL 


Off-state output current, 
low-level voltage applied 


V CC = MAX, 
V = 0.5 V 


V| H = 2V, 


-50 


uA 


1 1 1 nput current at maximum input voltage 


Vcc - MAX, 


V| = 5.5V 


1 


mA 


■iH 


High-level input current 


V CC = MAX, 


V| = 2.7 V 


50 


MA 


"lL 


Low-level input current 


V C c = MAX, 


V| = 0.5 V 


-250 


mA 


'OS 


Short-circuit output current § 


V CC = MAX 


-40 




-100 


mA 


'cc 




V C c " MAX 


*S373 




105 


160 


mA 


Supply current 




'S374 


I 


90 


140 



f For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

f All typical values are at Vqq = 5 V, "T^ = 25 C 

§ Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 



switching characteristics, Vqq = 5 V, T^ = 25° C 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


•S373 


•S374 


UNIT 


MIN TYP 


MAX 


MIN 


TYP 


MAX 








C L = 15 pF, R L = 280n, 
See Notes 2 and 4 




75 


100 




MHz 


tPLH 


Data 


Any Q 


5 


9 




ns 


9 


13 




l PHL 


tPLH 


Clock or 
enable 


Any Q 


7 


14 




8 


15 


ns 


tPHL 


12 


18 




11 


17 


tPZH 


Output 
Control 


Any Q 


8 


15 




8 


15 


ns 


11 


18 




11 


18 


*PZL 


tPHZ 


Output 
Control 


Any Q 


Ci_ = 5pF, R[_ = 280fl, 
See Note 3 


6 


9 




5 


9 


ns 


8 


12 




7 


12 


tPLZ 



NOTES: 2. Maximum clock frequency is tested with all outputs loaded. 
4. See load circuits and waveforms on page 3-10. 

f max m maximum clock frequency 

t PLH = propagation delay time, low-to-high-level output 

tp HL s propagation delay time, high-to-low-level output 

tPZH — output enable time to high level 

tp^L = output enable time to low level 

tPHZ — output disable time from high level 

t PLZ = output disable time from low level 



TENTATIVE DATA 
This page provides tentative information on a 
7-476 ne w product. Texas Instruments reserves the 
right to change specifications for this product 
in any manner without notice. 
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TYPES SN54LS374, SN54S374, SN74LS374, SN74S374 

OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED FLIP-FLOPS 



TYPICAL APPLICATION DATA 



OUTPUT 
CONTROL 1 



BIDIRECTIONAL 
DATA BUS 1 



BIDIRECTIONAL BUB DRIVER 



XS374 
OR 
'S374 



-$- 



4- 



'LS374 
OR 
'S374 



BIDIRECTIONAL 
DATA BUS 2 



OUTPUT 
CONTROL 2 




CLOCK CIRCUIT FOR BUS EXCHANGE 



EXPANDABLE 44WORD-BY-B-BIT GENERAL REGISTER FILE 



1/2SN74LS139 
OR SN74S139 



ENABLE SELECT 



{ = 



n 



u 



K 



'LS374 OR 'S374 



'LS374 OR 'S374 



'LS374 OR 'S374 



'LS374 OR 'S374 



YO Y1 Y2 Y3 



CLOCK 



"LJ" 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 



7477 



TTL 
MSI 



TYPES SN54LS375, SN74LS375 
4-BIT BISTABLE LATCHES 

BULLETIN NO. DL-S 7612131, OCTOBER 1976 



Supply Voltage and Ground on Corner 
Pins To Simplify P-C Board Layout 



logic 



FUNCTION TABLE 
(EACH LATCH) 



INPUTS 


OUTPUTS 


D G 


Q Q 


L H 
H H 
X L 


L H 
H L 

Qo Qo 



H = high level, L = low level, X = irrelevant 

Qg = the level of Q before the high-to-low transition of G. 

functional block diagram (each latch) 




SN54LS375 ... J OR W PACKAGE 

SN74LS375 ... J OR N PACKAGE 

(TOP VIEW) 



Vcc *D 

i IS _ 15 _ 


45 

14 


ENABLE 
4Q 3-4 

13 _ 12 _ 


3Q 
11 _ 


3Q 

_ 10 


3D 

_ 9 




1 1 




1 1 








a q 

G D 




Q 
D G 








I 




1_ 






































1 


r~ 








G D 
5 Q 




D G 

Q 5 




1 1 




1 1 




1 2 " 


" 3 


4 ~ 


5 


~ 6 " 


7 


1«r 



ID 15 1Q ENABLE 2Q 2Q 2D GND 



logic: see function table 



■M- 



Data: Req 
Enable: Req 



17 kfi 
■ 4.2 kf2 



TYPICAL OF ALL OUTPUTS 




t " V CC 

1 120 n 

NOM 



description 

The SN54LS375 and SN74LS375 bistable latches are 

electrically and functionally identical to the effK - m _ t! „ nf ; n _ lltc anr i n „tniit<i 

SN54LS75 and SN74LS75, respectively. Only the schematics of inputt and outputs 

arrangement of the terminals has been changed in the j EQUIVALENT OF 

SN54LS375 and SN74LS375. EAC h INPUT 

These latches are ideally suited for use as temporary 
storage for binary information between processing 
units and input/output or indicator units. Informa- 
tion present at a data (D) input is transferred to the 0. 
output when the enable (G) is high and the Q output 
will follow the data input as long as the enable 
remains high. When the enable goes low, the informa- 
tion (that was present at the data input at the time 
the transition occurred) is retained at the Q output 
until the enable goes high. 

These circuits are completely compatible with all 
popular TTL or DTL families. All inputs are diode- 
clamped to minimize transmission-line effects and 
simplify system design. The SN54LS375 is character- 
ized for operation over the full military temperature 
range of -55°C to 125°C; SN74LS375 is character- 
ized for operation from C to 70 C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) ■ - 7v 

Input voltage - ■ 7 v 

Operating free-air temperature range: SN54LS375 -55 C to 125 C 

SN74LS375 C to 70 q C 

Storage temperature range _65 C to 150 C 

NOTE1: Voltage values are with respect to network ground terminal. 

recommended operating conditions, electrical characteristics, and switching characteristics 

Same as SN54LS75 and SN74LS75, see page 7-39. 
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TTL 
MSI 



TYPES SN54376, SN74376 
QUADRUPLE J-K FLIP-FLOPS 

BULLETIN NO. DL-S 7612461, OCTOBER 1976 



Four J-K Flip-Flops in a Single Package . 
Can Reduce FF Package Count by 50% 

Common Positive-Edge-Triggered Clocks 
with Hysteresis . . . Typically 200 mV 

Fully Buffered Outputs 

Typical Clock Input Frequency 



45 MHz 



description 



These quadruple TTL J-K flip-flops incorporate a 
number of third-generation IC features that can 
simplify system design and reduce flip-flop package 
count by as much as 50%. They feature hysteresis at 
the clock input, fully buffered outputs., and direct 
clear capability. The positive-edge-triggered SN54376 
and SN74376 are directly compatible with most 
Series 54/74 MSI registers. 

The SN54376 is characterized for operation over the 
full military temperature range of -55°C to 125° C; 
the SN74376 is characterized for operation from 0°C 
to 70°C. 



FUNCTION TABLE (EACH FLIP-FLOP) 



COMMON INPUTS 


INPUTS 


OUTPUT 
Q 


CLEAR CLOCK 


J K 


L X 


X X 


L 


H t 


L H 


Qo 


H t 


H H 


H 


H t 


L L 


L 


H t 


H L 


TOGGLE 


H L 


X X 


Qo 



See explanation of function tables on page 3-8. 



SN54376 ... J OR W PACKAGE 

SN74376 ... J OR N PACKAGE 

(TOP VIEW) 



V cc 4J 4K 4Q 30. 3K 3J CLOCK 



£2 



CK CLR > 



H> 



16 15 14 13 12 11 10 _ 9 



I T £T 



SB 



CCLR CK 



ss 



CLEAR 1J 



Emr 



IK 1Q 2Q 2K 2J GND 



logic: see function table 



schematics of inputs and outputs 



EQUIVALENT OF 
EACH INPUT 



vcc 




Clear, J, K: R eq = 4 kfi NOM 
Clock: R eq = 1 1 .6 kfi NOM 



TYPICAL OF ALL 
OUTPUTS 



vcc 




Resistor values shown are nominal and in ohms 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) 7 V 

Input voltage 55 v 

Operating free-air temperature range: SN54376 -55°C to 125° C 

SN74376 0°Cto70°C 

Storage temperature range . . . -65°Cto150°C 

NOTE 1 :■ Voltage values are with respect to network ground terminal. 
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TYPES SN54376, SN74376 
QUADRUPLE J-K FLIP-FLOPS 



recommended operating conditions 







SN54376 


SN74376 


UNIT 




MIN 


NOM 


MAX 


MIN 


NOM 


MAX 


Supply voltage, Vqc 


4.5 


5 


5.5 


4.75 


5 


5.25 


V 


High-level output current, Ioh 


-800 


-800 


MA 


Low-level output current, Iql 


16 


16 


mA 


Clock frequency 







30 







30 


MHz 


Pulse width, t w 


Clock high 


22 


22 


ns 


Clock low 


12 


12 


Preset or clear low 


12 


12 


Setup time, t^ 


J, K inputs 


Of 


Ot 


ns 


Clear inactive state 


10t 


10t 


Input hold time, th 


20t 


20t 


ns 


Operating free-air temperature, Ta 


55 




125 







70 


°C 



tlThe arrow indicates the edge of the clock pulse used for reference: t for the rising edge, i for the falling edge. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN 


TYPt 


MAX 


UNIT 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V|K 


Input clamp voltage 


V<x = MIN, l| = -12mA 


-1.5 


V 


VOH 


High-level output voltage 


V C C = MIN, V| H =2V, 
V| L = 0.8V, loH*- 800 ^ 


2.4 


3.4 




V 


vol 


Low-level output voltage 


V C c = M!N, V| H = 2V, 
V| L = 0.8V, l L = 1 6mA 




0.2 


0.4 


V 


1 1 Input current at maximum input voltage 


V C C = MAX, V| = 5.5V 


1 


mA 


l|H 


High-level input current 


V C c = MAX, V|=2.4V 


40 


MA 


l|L 


Low-level input current 


V C c = MAX, V| = 0.4 V 


-1.6 


mA 


'OS 


Short-circuit output current§ 


V CC = MAX 


-30 




-85 


mA 


ice 


Supply current 


Vqc = MAX 




52 


74 


mA 



*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at V cc = 5 V, T A = 25°C. 

§Not more than one output should be shorted at a time. 



switching characteristics, Vrjc = 5 V, T^ = 25° C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 




Maximum clock frequency 


C L = 15pF, 

R L -40on, 

See Note 2 


30 


45 




MHz 


tPHL 


Propagation delay time, high-to-low-level output from clear 




17 


30 


ns 


tPLH 


Propagation delay time, low-to-high-level output from clock 




22 


35 


ns 


tPHL 


Propagation delay time, high-to-low-level output from clock 




24 


35 


ns 



NOTE 2: Load circuit and voltage waveforms are shown on page 3^10. 
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TYPES SN54LS377, SN54LS378, SN54LS379 
SN74LS377, SN74LS378, SN74LS379 
OCTAL, HEX. AND QUAD D -TYPE FLIP-FLOPS WITH ENABLE 



'LS377 and 'LS378 Contain Eight and 
Six Flip-Flops, Respectively, with Single- 
Rail Outputs 

'LS379 Contains Four Flip-Flops with 
Double-Rail Outputs 

Individual Data Input to Each Flip-Flop 

Applications Include: 
Buffer/Storage Registers 
Shift Registers 
Pattern Generators 



description 



These monolithic, positive-edge-triggered flip-flops 
utilize TTL circuitry to implement D-type flip-flop 
logic with an enable input. The 'LS377, 'LS378, and 
'LS379 devices are similar to 'LS273 'LSI 74 and 
'LSI 75, respectively, but feature a common enable 
instead of a common clear. 

Information at the D inputs meeting the setup time 
requirements is transferred to the Q outputs on the 
positive-going edge of the clock pulse if the enable 
input G is low. Clock triggering occurs at a particular 
voltage level and is not directly related to the 
transition time of the positive-going pulse. When the 
clock input is at either the high or low level, the D 
input signal has no effect at the output. The circuits 
are designed to prevent false clocking by transitions 
at the G input. 

These flip-flops are guaranteed to respond to clock 
frequencies ranging from to 30 MHz while 
maximum clock frequency is typically 40 megahertz. 
Typical power dissipation is 10 milliwatts per 
flip-flop. 



FUNCTION TABLE 
(EACH FLIP-FLOP) 



INPUTS 


OUTPUTS 


G 


CLOCK 


DATA 


Q Q 


H 


X 


X 


Qrj Qo 


L 


t 


H 


H L 


L 


t 


L 


L H 


X 


L 


X 


Qo Qo 



See explanation of function tables on page 3-8. 



BULLETIN NO. DL-S 7612474, OCTOBER 1976 

SN54LS377 ... J PACKAGE 

SN74LS377 ... J OR N PACKAGE 

(TOP VIEW) 



V cc 8Q 8D 7D 7Q 6Q 6D 5D 5Q CLOCK 



HLr-SCrn][r^ 

L-Q D J L- d Q-ll-Q D J L D Q J 



CK«ap-4-d>CK 

Q D 



|— |" Dp i i- u Q -r|-Q D-. j-D 0-1 



ENABLE 1Q 1D 2D 20. 3Q 3D 4D 40 GND 



logic: see function table 



SN54LS378 ... J OR W PACKAGE 
SN74LS378 ... J OR N PACKAGE 
(TOP VIEW) 



V CC 6Q 6D 5D 5Q 



16 _ 15 _ 14 _ 13 _ 12 _ 11 _ 10 



n— n n— n rr— - 

I— Q D — ' •— D q_IL_d q — I 




± 



<>-*-c> 



qs^rn^pgL-sp 



4 \\ 5 



ENABLE 10 ID 2D 2Q 3D 3Q 



logic: see function table 



SN54LS379 ... J OR W PACKAGE 

SN74LS379 ... J OR N PACKAGE 

(TOP VIEW) 




2D 2Q 2Q GND 



logic: see function table 
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TYPES SN54LS377, SN54LS378, SN54LS379, 

SN74LS377. SN74LS378, SN74LS379 

OCTAL. HEX. AND QUAD D-TYPE FLIP-FLOPS WITH ENABLE 



functional block diagram 




TO 7 ('LS377J 
5 CLS378) 
3 CLS379) 

OTHER FLIP-FLOPS 



schematics of inputs and outputs 



EQUIVALENT OF DATA 
INPUT 



vcc- 



"d* 



25 kfi 
NOM 



EQUIVALENT OF CLOCK OR 
ENABLE INPUT 



vcc- 



20 kfi NOM 



*- 



TYPICAL OF ALL OUTPUTS 

-V CC 
120 n NOM 




absolute maximum rating over operating free-air temperature range (unless otherwise noted) 



7V 
7V 



Supply voltage, Vcc (see Note 1 ) 

Input voltage ' " _ 

Operating free-air temperature range: SN54LS' o„ -,„o_ 

SN74LS' Cto70 C 

-65°Cto 150 C 



Storage temperature range 

NOTE 1 : Voltage values are with respect to network ground terminal 
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TYPES SN54LS377, SN54LS378, SN54LS379 
SN74LS377, SN74LS378, SN74LS379 
OCTAL, HEX, AND QUAD D-TYPE FLIP-FLOPS WITH ENABLE 



recommended operating conditions 





SN54LS' 


SN74LS* 


UNIT 


MIN NOM 


MAX 


MIN NOM 


MAX 


Supply voltage, Vcc 


4.5 5 


5.5 


4.75 5 


5.25 


V 


High-level output current, Ioh 


-400 


-400 


M A 


Low-level output current, Ioh 


4 


8 


mA 


Clock frequency, f c lock 





30 





30 


MHz 


Width of clock or clear pulse, t w 




20 


20 


ns 


Setup time, ts U 


Data input 


20t 


20t 


ns 


Enable active-state 


25t 


25t 


Enable inactive-state 


10t 


10t 


Hold time, th 


Data and enable 


5t 


5t 


ns 


Operating free-air temperature, Ta 


-55 


125 





70 


°C 



'The arrow indicates that the rising edge of the clock pulse is used for reference. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 





PARAMETER 


TEST CONDITIONS''' 




SN54LS' 


SN74LS' 


UNIT 


MIN TYP* 


MAX 


MIN TYP* 


MAX 


V| H 


High-level input voltage 








2 


2 


V 


V|L 


Low-level input voltage 




0.7 


0.8 


V 


VlK 


Input clamp voltage 


V CC = MIN. 


H = -18mA 




-1.5 


-1.5 


V 


VOH 


High-level output voltage 


Vcc = MIN, 


V, H = 2V, 




2.5 3.5 


2.7 3.5 


V 


V|l = V|[_ max. 


| oh = - 4 00ma 




vol 


Low-level output voltage 


V C c = MIN, 
V|[_ = V||_ max 


V| H = 2V, 


lOL = 4 mA 


0.25 


0.4 


0.25 


0.4 


V 


Iql = 8 mA 




0.35 


0.5 


Input current at 
maximum input voltage 


\'CC = MAX, 


Vj = 7 V 




0.1 


0.1 


mA 


hH 


High-level input current 


Vcc = MAX, 


V, = 2.7V 




20 


20 


MA 


IlL 


Low-level input current 


Vcc = MAX, 


V| = 0.4 V 




-0.4 


-0.4 


mA 


•os 


Short-circuit output current§ 


Vcc = MAX 


-20 


-100 


-20 


-100 


mA 


•cc 


Supply current 


Vcc = MAX, 


See Note 2 


'LS377 


17 


28 


17 


28 


mA 


'LS378 


13 


22 


13 


22 


mA 


'LS379 


9 


15 


9 


15 


mA 



For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
$ All typical values are at Vcc = 5 V, T^ = 25° C. 

§ Note more than one input should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 2: With all outputs open and ground applied to all data and enable inputs. Ice « s measured after a momentary ground, 
then 4.5 V, is applied to clock. 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP MAX 


UNIT 


f max Maximum clock frequency 


C[_ = 15pF, 
R|_ = 2 kfi 
See Note 3 


30 


40 


MHz 


tPLH Propagation delay time, low-to-high-level output from clock 


17 27 


ns 


tpiHL Propagation delay time, high-to-low-level output from clock 


18 27 


ns 



NOTE 3: Load circuit and voltage waveforms are shown on page 3-11. 
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TYPES SN54S381, SN74S381 
ARITHMETIC LOGIC UNIT/FUNCTION GENERATOR 

BULLETIN NO. DL-S 7612124, MARCH 1974- REVISED OCTOBER 1976 



PIN DESIGNATIONS 



DESIGNATION 


PIN NOS. 


FUNCTION 


A3, A2, A1, AO 


17,19,1,3 


WORD A INPUTS 


B3, B2, B1,B0 


16,18,2,4 


WORDB INPUTS 


S2, S1,S0 


7,6,5 


FUNCTION-SELECT 
INPUTS 


C n 


15 


CARRY INPUT FOR 

ADDITION, INVERTED 

CARRY INPUT FOR 

SUBTRACTION 


F3, F2, F1,F0 


12, 11,9,8 


FUNCTION OUTPUTS 


P 


14 


INVERTED CARRY 
PROPAGATE OUTPUT 


G 


13 


INVERTED CARRY 
GENERATE OUTPUT 


v C c 


20 


SUPPLY VOLTAGE 


GND 


10 


GROUND 



A Fully Parallel 4-Bit ALU in 20-Pin 
Package for 0.300-Inch Row Spacing 

Ideally Suited for High-Density 
Economical Processors 

Parallel Inputs and Outputs and Full 
Look-Ahead Provide System Flexibility 

Arithmetic and Logic Operations 
Selected Specifically to Simplify System 
Implementation: 

A Minus B 

B Minus A 

A Plus B 

and Five Other Functions 

Schottky-Clamped for High Performance 
16-Bit Add Time . . . 26 ns Typ Using 

Look-Ahead 
32-Bit Add Time . . . 34 ns Typ Using 
Look-Ahead 



SN54S381 ... J PACKAGE 

SN74S381 ... J OR N PACKAGE 

(TOP VIEW) 



VCC ' A2 B2 A3 



Cn' '? G F3 F2' 



J^U^U^U^J^J^^ 



A2 B2 A3 B3 Cn P 5 F3 



B1 AO BO 



SI S2 F0 F1 



Al B1 AO BO SO SI S2 F0 F1 GND 



logic: see function table 



FUNCTION TABLE 



SELECTION 


ARITHMETIC/LOGIC 
OPERATION 


S2 SI 


SO 


L L 


L 


CLEAR 


L L 


H 


B MINUS A 


L H 


L 


A MINUS B 


L H 


H 


A PLUS B 


H L 


L 


A©B 


H L 


H 


A + B 


H H 


L 


AB 


H H 


H 


PRESET 



H = high level. 



description 



The 'S381 is a Schottky TTL arithmetic logic unit (ALU)/function generator that performs eight binary arithmetic/ 
logic operations on two 4-bit words as shown in the function table. These operations are selected by the three 
function-select lines (SO, S1, S2). A full carry look-ahead circuit is provided for fast, simultaneous carry generation 
by means of two cascade outputs (P and G) for the four bits in the package. The method of cascading SN54182/ 
SN74182 or SN54S182/SN74S182 look-ahead carry generators with these ALU's to provide multi-level full carry 
look -ahead is illustrated under typical applications data for the '182 and 'S182. The typical addition times shown 
above illustrate the short delay time required for addition of longer words when full look-ahead is employed. The 
exclusive-OR, AND, or OR function of two Boolean variables is provided without the use of external circuitry. Also, 
the outputs can be either cleared (low) or preset (high) as desired. 
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functional block diagram and schematics of inputs and outputs 




EQUIVALENT OF EACH INPUT 




3[ 



Crv Req = 800 Si 
Any S: R ea = 6 kli 



TYPICAL OF ALL OUTPUTS 

-v C c 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc (see Note 1) 

.^ 5.5 V 

Input voltage 

Interemitter voltage (see Note 2) q - ■ ■ 

Operating free-air temperature range: SN54S381 -55 C to 125 C 



Storage free-air temperature range 



SN74S381 C to 70 C 

-65°Cto150°C 



NOTES: 1 . Voltage values, except interemitter voltage, are with respect to network ground terminal. 

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to each A input in 
conjunction with its respective B input; for example AO with BO, etc. 

recommended operating conditions 



Supply voltage, Vcc 



High-level output current, Iqh 



Low-level output current, Iql 



Operating free-air temperature, Ta 



SN54S381 



MIN NOM MAX 



4.5 



5.5 



SN74S381 



MIN NOM MAX 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN 


TYPt 


MAX 


UNIT 


V|H 


High-level input voltage 






2 


V 


V|L 


Low-level input voltage 






0.8 


V 


V|K 


Input clamp voltage 




Vcc = MIN, 


l| = -18mA 


-1.2 


V 


VOH 


High-level output voltage 


SN54S381 


Vcc = MIN, 
V|L = 0.8 V, 


V| H =2V, 
Iqh = -1 rnA 


2.4 


3.4 




V 


SN74S381 


2.7 


3.4 




vol 


Low-level output voltage 




Vcc = MIN, 
V| L = 0.8 V, 


V| H =2V, 

Iql = 20 mA 


0.5 


V 


l| Input current at maximum input voltage 


V C c = MAX > 


V| = 5.5 V 


1 


mA 


'IH 


High-level input current 


Any S input 


Vcc = MAX - 


V| = 2.7 V 


50 


MA 


C n 


250 


All others 


200 


l|L 


Low-level input current 


Any S input 


Vcc = MAX, 


V| = 0.5 V 


-2 


mA 


C n 


-8 


All others 


-6 


'OS 


Short-circuit output current§ 




Vcc = MAX 


-40 




-100 


mA 


•cc 


Supply current 




Vcc = MAX 




105 


160 


mA 



tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

^All typical values are at Vqq = 5 V, Ta = 25 C. 

§ Not more than one output should be shorted at a time. 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETERf 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


C n 


Any F 


C L =15pF, R L = 280n, 
See Note 3 


10 17 


ns 


tPHL 


10 17 


tPLH 


Any A or B 


G 


12 20 


ns 


tPHL 


12 20 


tPLH 


Any A or B 


P 


11 18 


ns 


tPHL 


11 18 


tPLH 


Aj or Bj 


Fi 


18 27 


ns 


tPHL 


16 25 


tPLH 


Any S 


Any 


18 30 


ns 


tPHL 


18 30 



Htp|_n = propagation delay time, low-to-high-level output 
tPHL = propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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SN54LS386 ... J OR W PACKAGE 

SN74LS386 ... J OR N PACKAGE 

(TOP VIEW) 



Electrically Identical to 
SN54LS86/SN74LS86 

Mechanically Identical to 
SN54L86/SN74L86 

Total Average Propagation Delay 
Times . . . 10 ns 

Typical Total Power 
Dissipation ... 30.5 mW 





Vcc 4B 4A 4Y 3Y 3B 3A 

_ 14 _ 13 _ 12 _ 11 _ 10 _ 9 _ 8 _ 












1A IB 1Y 2Y 2A 2B GND 


positive logic: Y = A©B = AB + AB 



schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 



12.5 kfiNOM 



# 



t 



FUNCTION TABLE 
(EACH GATE) 



INPUTS 


OUTPUT 


A B 


L L 


L 


L H 


H 


H L 


H 


H H 


L 



H = high level 
L = low level 



TYPICAL OF ALL OUTPUTS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



. . . . 7V 
. . . . 7V 
-55°Cto 125°C 



Supply voltage, Vqc (see Note 1) 

Input voltage 

Operating free-air temperature range: SN54LS386 

SN74LS386 o° Ct ° 7 °I C 

Storage temperature range -65 C to 150 C 

NOTE 1 : Voltage values are with respect to network ground terminal. 



recommended operating conditions 



Supply voltage, Vcc 



High-level output current, Ioh 



Low-level output current, Iql 



Operating free-air temperature, Ta 



SN54LS386 



MIN NOM MAX 



SN74LS386 



MIN NOM MAX 



ma 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


SN54LS386 


SN74LS386 


UNIT 


MIN TYPt 


MAX 


MIN 


TYP* 


MAX 


V|h High-level input voltage 




2 


2 


V 


V|[_ Low-level input voltage 




0.7 


0.8 


V 


V|k Input clamp voltage 


Vcc = MIN, 


l| = -18mA 


-1.5 


-1.5 


V 


Vqh High-level output voltage 


Vcc = MIN, 
V||_ = V||_ ma> 


V|H = 2V, 
, loH = - 400 MA 


2.5 3.4 


2.7 


3.4 




V 


VOL Low-level output voltage 


Vcc = MIN 
V| H = 2V, 
V||_ = V|L max 


Iql = 4 mA 


0.25 


0.4 




0.25 


0.4 


V 


IOL = 8mA 






0.35 


0.5 


l| Input current at maximum input voltage 


Vcc = MAX, 


V| = 7 V 


0.2 


0.2 


mA 


l| H High-level input current 


Vcc = MAX . 


V| = 2.7V 


40 


40 


M A 


l|l_ Low-level input current 


Vcc = MAX - 


V| = 0.4 V 


-OS 


-0.8 


mA 


IqS Short-circuit output current^ 


Vcc = MAX 


-6 


-40 


-5 




-42 


mA 


Ice Supply current 


Vcc = MAX - 


See Note 2 


6.1 


10 




6.1 


10 


mA 



tFor conditions shown as MIN or MAX, use^the appropriate value specified under recommended operating conditions. 

tAII typical values are at V(;q = 5 V, T^ = 25 C. 

§Not more than one output should be shorted at a time. 

NOTE 2: Iqc is measured with the inputs grounded and the outputs open. 



switching characteristics, Vcc = 5 V, Ta - 25° C 



PARAMETER^ 


FROM 
(INPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


A or B 


Other input low 


C L = 15pF, 
R L -2kn, 
See Note 3 


12 23 


ns 


10 17 


tPHL 


tPLH 


A or B 


Other input high 


20 30 


ns 


13 22 


tPHL 



f t PLH = propagation delay time, low-to-high-level output 
tPHL - propagation delay time, high-to-low-level output 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-11. 
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Dual Versions of the Popular '90A, 'LS90 
and '93A, 'LS93 

'390, 'LS390. . .Individual Clocks for A and B 
Flip-Flops Provide Dual -^2 and +5 Counters 

• '393, 'LS393. . .Dual 4-Bit Binary Counter 
with Individual Clocks 

• All Have Direct Clear for Each 
4-Bit Counter 

• Dual 4-Bit Versions Can Significantly Improve 
System Densities by Reducing Counter Package 
Count by 50% 

• Typical Maximum Count Frequency ... 35 MHz 

• Buffered Outputs Reduce Possibility of Collector 
Commutation 



description 



SN54390, SN54LS390 ... J OR W PACKAGE 

SN74390, SN74LS390 ... J OR N PACKAGE 

(TOP VIEW) 



OUTPUTS 
A 



2 OUTPUT 
Vcc 2A CLEAR 2Qa 2B ' 2QB 2Qc 2Qd ' 



n 



16 _[ir[_ 14 _ 13 _ 12 _ 11 _ 10 _ 9 



O.A 
CLEAR 



p 



TFLlFLl 



positive logic: High input to clear resets all four 
outputs low 



Each of these monolithic circuits contains eight 
master-slave flip-flops and additional gating to imple- 
ment two individual four-bit counters in a single 
package. The '390 and 'LS390 incorporate dual 
divide-by-two and divide-by-five counters, which can 
be used to implement cycle lengths equal to any 
whole and/or cumulative multiples of 2 and/or 5 up 
to divide-by-100. When connected as a bi-quinary 
counter, the separate divide-by-two circuit can be 
used to provide symmetry (a square wave) at the final 
output stage. The '393 and 'LS393 each comprise 
two independent four-bit binary counters each having 
a clear and a clock input. N-bit binary counters can 
be implemented with each package providing the 
capability of divide-by -256. The '390, 'LS390, '393, 
and 'LS393 have parallel outputs from each counter 
stage so that any submultiple of the input count 
frequency is available for system-timing signals. 
Series 54 and Series 54LS circuits are characterized 
for operation over the full military temperature range 
of-55°C to 125°C; Series 74 and Series 74LS 
circuits are characterized for operation from 0°C 
to 70°C. 



SN54393, SN54LS393 ... J OR W PACKAGE 

SN74393, SN54LS393 ... J OR N PACKAGE 

(TOP VIEW) 



OUTPUTS 



2A CLEAR ' 2Q.A 20b 2Gc 



2G D 



u 



Q A Qe 

CLEAR 



Qc 



0-D 



CLEAR 
QA 



Qb 



T±FLI] 



Qc 

~ r 



0-D 



HTW 



1 . 1Q A 1QB 10c 1QD / GND 
CLEAR N y ' 



positive logic: High input to clear resets all four 
outputs low 
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'390, 'LS390 

BCD COUNT SEQUENCE 

(EACH COUNTER) 

(See Note A) 



COUNT 


OUTPUT 


Qd °-C q B q A 





L L L L 


1 


L L L H 


2 


L L H L 


3 


L L H H 


4 


L H L L 


5 


L H L H 


6 


L H H L 


7 


L H H H 


8 


H L L L 


9 


H L L H 



FUNCTION TABLES 

'390, 'LS390 

BIQUINARY (5-2) 

(EACH COUNTER) 

(See Note B) 



COUNT 


OUTPUT 


Q A Q D Qc Ob 





L L L L 


1 


L L L H 


2 


L L H L 


3 


L L H H 


4 


L H L L 


5 


H L L L 


6 


H L L H 


7 


H L H L 


8 


H L H H 


9 


H H L L 



NOTES: A. Output Q/^ is connected to Input B for BCD count. 

B. Output Qrj is connected to input A for bi-quinary 
count. 

C. H = high level, L = low level. 



'393, 
COUNT 
(EACH 



, 'LS393 

SEQUENCE 

COUNTER) 



COUNT 


OUTPUT 


Q D 


Qc 


Qb 


Qa 





L 


i_ 


L 


L 


1 


L 


L 


L 


H 


2 


L 


L 


H 


L 


3 


L 


L 


H 


H 


4 


L 


H 


L 


L 


5 


L 


H 


L 


H 


6 


L 


H 


H 


L 


7 


L 


H 


H 


H 


8 


H 


L 


L 


L 


9 


H 


L 


L 


H 


10 


H 


L 


H 


L 


11 


H 


L 


H 


H 


12 


H 


H 


L 


L 


13 


H 


H 


L 


H 


14 


H 


H 


H 


L 


15 


H 


H 


H 


H 



functional block diagrams 



CLEAR 14 > 
INPUT 



1 ^> 



TO' 



qb 

CLEAR 



LMS 



(3.131 OUTPUT 

Qa 



l5 '- 111 OUTPUT 

Qb 



Qc 

CLEAR 



LEAR 




Q D 

CLEAR 



9) OUTPUT 
QD 



11,13) 



INPUT A _1^_^ op, T 

CLEAR 



Qa 



CLEAR (2, 12) 
INPUT 



JLJll^c, 



H 



CLEAR 
9 



id>T 

CLEAR 



CLE AR 



13,11) OUTPUT 
OA 



(4, 10) OUTPUT 

Qb 



- 15,9) OUTPUT 
QC 



(6 8) OUTPUT 

Qd 
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schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

vcc 




INPUT R eq NOM 

A ('390) 3 kJi 

B ('390) 1.5 k« 

A ('393) 3 kli 

Any clear 8 kli 



TYPICAL OF ALL OUTPUTS 



cc 

100 n NOM 




'LS390, 'LS393 



EQUIVALENT OF EACH 
A AND B INPUT 

vcc- 

:Req 
INPUT- 

INPUT Rgq NOM 

A CLS390) 4.3 kS2 

B CLS390) 2.7 kft 

A CLS393) 43 kfi 




EQUIVALENT OF EACH 
CLEAR INPUT 

vcc — 



I 



* 



:|18kn NOM 



1 



TYPICAL OF ALL OUTPUTS 




— v cc 

120 a NOM 



OUTPUT 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



7V 
5.5 V 



Supply voltage, Vqc ( see Note 1 > 

Input voltage o 

Operating free-air temperature range: SN54390, SN54393 -55 C to 125^ 

SN74390, SN74393 C to 70^0 

Storage temperature range _65 Cto150 c 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 





SN54390 
SN54393 


SN74390 
SN74393 


UNIT 


MIN NOM 


MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 


5.5 


4.75 5 5.25 


V 


High-level output current, Ioh 


-800 


-800 


MA 


Low-level output current, IrjL 


16 


16 


mA 


Count frequency, f CO unt 


A input 





25 


25 


MHz 


B input 





20 


20 


Pulse width, t w 


A input high or low 


20 


20 


ns 


B input high or low 


25 


25 


Clear high 


20 


20 


Clear inactive-state setup time, ts U 


251 


254 


ns 


Operating free-air temperature, T/\ 


-55 


125 


70 


° C 



I The arrow indicates that the falling edge of the clock pulse is used for reference. 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CO 






•390 


'393 


UNIT 


ND TIONS' 


MIN 


TYP* 


MAX 


MIN 


TYPt 


MAX 


V|H 


High-level input voltage 






2 


2 


V 


V|[_ 


Low-level input voltage 






0.8 


0.8 


V 


V|K 


Input clamp voltage 




VcC = M,N > 


'1 
V| 
>0 


= -12mA 


-1.5 


-1.5 


V 


VOH 


High-level output voltage 




V| L = 0.8V, 


H = 2V, 

H = -800 nA 


2.4 


3.4 




2.4 


3.4 




V 


vol 


Low-level output voltage 




Vcc = MIN - 
V !L = 0.3V, 


V|H = 2V, 
Iql = 16 mA 11 




0.2 


0.4 




0.2 


0.4 


V 


Input current at 
maximum input voltage 


V C c = MAX, 


V| = 5.5V 


1 


1 


mA 


'IH 


High-level input current 


Clear 


Vcc = MAX ' 


V|=2.4V 


40 


40 


MA 


Input A 


80 


80 


Input B 


120 




hL 


Low-level input current 


Clear 


Vqc = MAX - 


V| = 0.4 V 


-1 


-1 


mA 


Input A 


-3.2 


-3.2 


Input B 


-4.8 




'OS 


Short-circuit output current! 




Vcc = MAX 


SN54' 


-20 




-57 


-20 




-57 


mA 


SN74' 


-18 




-57 


-18 




-57 


'cc 


Supply current 




Vcc = MAX - 


See Note 2 




42 


69 




38 


64 


mA 



T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

♦ All typical values are at V cc = 5 V, T A = 25 C. 

11 The Q A outputs of the '390 are tested at l OL = 16 mA plus the limit value for l, L for the B input. This permits driving the B input wh.le 

maintaining full fan-out capability. 
§Not more than one output should be shorted at a time. 

NOTE 2: l cc is measured with all outputs open, both clear inputs grounded following momentary connection to 4.5 V, and all other inputs 
grounded. 
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switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETERf 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


'390 


'393 


UNIT 


MIN 


TYP 


MAX 


MIN TYP 


MAX 


f max 


A 


O-A 


C L = 15 pF, 
R|_ = 400fi, 
See Note 3 

and 
Figure 1 


25 


35 




25 35 


MHz 


B 


Qb 


20 


30 






tPLH 


A 


Qa 




12 


20 


12 


20 


ns 


tPHL 




13 


20 


13 


20 


tPLH 


A 


Qq of '390 
O-D of '393 




37 


60 


40 


60 


ns 


tPHL 




39 


60 


40 


60 


tPLH 


B 


Qb 




13 


21 




ns 


tPHL 




14 


21 




tPLH 


B 


Qc 




24 


39 




ns 


tPHL 




26 


39 




tPLH 


B 


Qd 




13 


21 




ns 


tPHL 




14 


21 




tPHL 


Clear 


Any 




24 


39 


24 


39 


ns 



n max = maximum count frequency 
tpLH = propagation delay time, low-to-high-level output 
tpHL — propagation delay time, high-to-low-level output 

NOTE 3: Load circuit is shown on page 3-10. 



PARAMETER MEASUREMENT INFORMATION 




OUTPUT Q A 

AND 

'390 B 

INPUT 



-tPHL 

+-1.5V 

_^ 



-*t-tPHL 



7 — m 



-Vl.5V 




/ Tl'SV -JM.5V -V-1.5V / \ / +1 

/ i\-8-^ l\ f \-J A 

U» — -*HPLH-Measure I* »|- 'PHL-Measure 

-*l-*PHL | a tt n+1 | j attn+2 

V 5 ^ TT'-BV j ^1-5 V / 



tpLH-Measure at tn+2 
\j (f— 



f 



p: 



V 0H 



\^_ 



" tPH L — Measure at tn+4 



VI " ■— VOH 
: 1.5V 

■vol 



SV tPLH-Measure at tp+4 I* *( V tp H L-Measure at tn+8 



I- V H 

1.5 V 

vol 



« *" »!V tPLH-Measure at tn +8 I* *jX ^^-Measure at t n+10 for '390 

^ .. ~ "V ort-iicfor '393 



/ 



— VOH 
1.5 V 

vol 



tn+i6fOf '393 



VOLTAGE WAVEFORMS 



NOTE A: Input pulses are supplied by a generator having the following characteristics t r < 5 ns, tf < 5 ns, PRR = 1 MHz, duty cycle = 50%, 
Z out « 50 ohms. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc (see Note 1 ) 7 v 

Clear input voltage 7 v 

Any A or B clock input voltage ■ ■ 5 -^ V 

Operating free-air temperature range: SN54LS390, SN54LS393 -55°Cto125C 

SN74LS390, SN74LS393 0°C to 70°C 

Storage temperature range ~ 65 C to 150 C 

NOTE 1 : Voltage values are with respect to network ground terminal. 

recommended operating conditions 







SN54LS390 
SN54LS393 


SN74LS390 
SN74LS393 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, IfjH 


-400 


^*00 


M A 


Low-level output current, Iql 


4 


8 


mA 


Count frequency, f C ount 


A input 


25 


25 


MHz 


B input 


20 


20 


Pulse width, t w 


A input high or low 


20 


20 


ns 


B input high or low 


25 


25 


Clear high 


20 


20 


Clear inactive-state setup time, t su 


25; 


254 


ns 


Operating free-air temperature, T/\ 


-55 125 


70 


°C 



i The arrow indicates that the falling edge of the clock pulse is used for reference. 



electrical characteristics over recommended operating free- 


air temperature range 


[unless otherwise note 


id) 


PARAMETER 


TEST CONDITIONS* 


SN54LS' 


SN74LS' 


UNIT 


MIN TYPt 


MAX 


MIN TYPt 


MAX 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.7 


0.8 


V 


V|K 


Input clamp voltage 


Vcc = MIN, 


l| = -18 mA 


-1.5 


-1.5 


V 


VOH 


High-level output voltage 


Vcc= MIN. 
V|i_ = V|[_max, 


V, H = 2V. 
VoH = — * 00 ^ A 


2.5 3.4 


2.7 3.4 


V 


Vol 


Low-level output voltage 


Vcc = MIN, 
V| L = 0.8 V, 


V, H = 2V, 


Iql =4 mA ' 


0.25 


0.4 


0.25 


0.4 


V 


IOL = 8mAH 




0.35 


0.5 


Input current at 
maximum input voltage 


Clear 


Vcc = MAX 


V| = 7 V 


0.1 


0.1 


mA 


Input A 


V| = 5.5 V 


0.2 


0.2 


Input 6 


0.4 


0.4 


l|H 


High-level input current 


Clear 


V CC = MAX, 


V|=2.7V 


20 


20 


HA 


Input A 


40 


40 


Input B 


80 


80 


'IL 


Low-level input current 


Clear 


V C C = MAX, 


V| =0.4V 


-0.4 


-0.4 


mA 


Input A 


-1.6 


-1.6 


Input B 


-2.4 


-2.4 


'OS 


Short-circuit output current§ 


Vcc = MAX 


-20 


-100 


-20 


-100 


mA 


!CC 




Vcc = MAX - 
See Note 2 


'LS390 


15 


26 


15 


26 


mA 


Supply current 




TS393 


15 


26 15 


26 



t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAII typical values are at Vcc = 5 V, T A = 25 C. 

f The Q A outputs of the 'LS390 are tested at l L = MAX plus the limit value for l )L for the clock B input. This perm.ts driving the clock B 

input while maintaining full fan-out capability. 
§Not more than one output should be shorted at a time.and duration of the short-circuit should not exceed one second. 

NOTE 2: l CC is measured with all outputs open, both clear inputs grounded following momentary connection to 4.5 V, and all other inputs 
grounded. _^^^__^_^^__^^_^_ 

TENTATIVE DATA 

This page provides tentative information on a TpXAS INSTRUMENTS 

7-494 new product. Texas Instruments reserves the incorporated 

right to change specifications for this product posT OFFICE BOX 5012 . DA llas, texas 75222 
in any manner without notice. 



TYPES SN54LS390, SN54LS393, SN74LS390, SN74LS393 
DUAL 4-BIT DECADE AND BINARY COUNTERS 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER 1 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


'LS390 


'LS393 


UNIT 


MIN 


TYP 


MAX 


MIN TYP 


MAX 


fmax 


A 


Qa 


C L = 15pF, 
R|_ = 2kn, 
See Note 4 and Figure 2 


25 


35 




25 35 


MHz 


B 


Qb 


20 


30 






tPLH 


A 


Qa 




12 


20 


12 


20 


ns 


tPHL 




13 


20 


13 


20 


tPLH 


A 


QC of 'LS390 
Q D of 'LS393 




37 


60 


40 


60 


ns 


tPHL 




39 


60 


40 


60 


«PLH 


B 


Qb 




13 


21 




ns 


tPHL 




14 


21 




tPLH 


B 


Qc 




24 


39 




ns 


tPHL 




26 


39 




^LH 


B 


Qd 




13 


21 




ns 


tPHL 




14 


21 




tPHL 


Clear 


Any 




24 


39 


24 


39 


ns 



ilf max = maximum count frequency 
tp|_|_j = propagation delay time, low-to-high-level output 
tpH|_ = propagation delay time, high-to-low-level -output 

NOTE 4: Load circuit is shown on page 3-11. 



PARAMETER MEASUREMENT INFORMATION 




tpHL-Measure at t„ + 4 

I V 0H 

1.3 V 

I ^— -vol 

r U > tPH |_ -Measure at tp+s 



•If tpHL -Measure at tn+10 *o r 'LS390 
- f VfjH ort„+16for'LS393 

1.3 V 

vol 



VOLTAGE WAVEFORMS 

NOTE A: Input pulses are supplied by a generator having the following characteristics t r < 15 ns, tf < 6 ns, PRR = 1 MHz, duty cycle = 50%, 
Z out » 50 ohms. 



TENTATIVE DATA 
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4-BIT CASCADABLE SHIFT 



TYPES SN54LS395A, SN74LS395A 
REGISTERS WITH 3-STATE OUTPUTS 



BULLETIN NO. DL-S 7612114, OCTOBER 1976 



Three-State, 4 Bit, Cascadable, 
Parallel-In, Parallel-Out Registers 

'LS395A Offers Three Times the 
Sink-Current Capability of 'LS395 

Low Power Dissipation ... 75 mW Typical 
(Enabled) 

Applications: 

N-Bit Serial-To-Parallel Converter 
N-Bit Parallel-To-Serial Converter 
N-Bit Storage Register 



SN54LS395A ... J OR W PACKAGE 

SN74LS395A ... J OR N PACKAGE 

(TOP VIEW) 



description 



OUTPUTS 





vcc 
16 _ 


'QA 
_ « 




08 

14 




Qc 
13 




Qd 
12 




Qd' 
11 


CLOCK CONTROL 

_ 10 _ 9 _ 


























■ ■ v - 

0-A Q B Qc Q D Qd ck 

OUTPUT 
CLEAR CONTROL 

SERIAL LOAD/ 
INPUT A B C D SHIFT 


























" 


2 






J 






1 






i 






I 


1'r» 





CLEAR SERIAL 
INPUT 



PARALLEL INPUTS 



logic: see functional table 



These 4-bit registers feature parallel inputs, parallel 
outputs, and clock, serial, load/shift, output control 
and direct overriding clear inputs. 

Shifting is accomplished when the load/shift control 

is low. Parallel loading is accomplished by applying 

the four bits of data and taking the load/shift control 

input high. The data is loaded into the associated flip-flops and appears at the outputs after the high-to-low transition 

of the clock input. During parallel loading, the entry of serial data is inhibited. 

When the output control is low, the normal logic levels of the four outputs are available for driving the loads or bus 
lines. The outputs are disabled independently from the level of the clock by a high logic level at the output control 
input. The outputs then present a high impedance and neither load nor drive the bus line; however, sequential operation 
of the registers is not affected. During the high-impedance mode, the output at Qp' is still available for cascading. 

FUNCTION TABLE 



INPUTS 


3-STATE OUTPUTS 


CASCADE 
OUTPUT 


CLEAR 


LOAD/SHIFT 
CONTROL 


CLOCK 


SERIAL 


PARALLEL 


Q A Q B °C Q D 


A B C D 


L 
H 
H 
H 
H 
H 


X 

H 
H 

L 
L 
L 


X 

H 
t 
H 

i 
i 


X 
X 
X 
X 

H 
W 


X X X X 
X X X X 
abed 
X X X X 
X X X X 
X X X X 


L L L L 

Qao q bo q co q do 

abed 

Q A0 Q B0 Q C0 Q D0 

H QAn QBn QCn 

L QAn QBn QCn 


L 

Qdo 

d 

Qdo 

QCn 
QCn 


When the output control is high, the 3-state outputs are disabled to the high-impedance state; 
however, sequential operation of the registers and the output at Qrj' are not affected. 



See explanation of function tables on page 3-8. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc < see Note 1 > 7 v 

Input voltage 7 V 

Operating free-air temperature range: SN54LS395A -55°Cto125°C 

SN74LS395A 0°C to 70°C 

Storage temperature range -65 C to 150 C 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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TYPES SN54LS395A. SN74LS395A 
4-BIT CASCADABLE SHIFT REGISTERS WITH 3-STATE OUTPUTS 



recommended operating conditions 




SN54LS395A 


SN74LS395A 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, lrjH 


Qa. Qb. Qc. Qd 


-1 


-2.6 


mA 


Qd' 


-400 


-400 


MA 


Low-level output current, Iol 


Qa. Qb. Qc. Qd 


12 


24 


mA 


Qd' 


4 


8 


mA 


Clock frequency, fclock 


25 


25 


MHz 


Width of clock pulse, twfdock) 


25 


25 


ns 


Setup time, high-level or low-level data, t su 


20 


20 


ns 


Hold time, high-level or low-level data, th 


10 


10 


ns 


Operating free-air temperature, T/\ 


-55 125 


70 


°C 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TES 


i i*uniui i iirnio ' 


SN54LS395A 


SN74LS395A 


iJNiT 


MIN 


TYPt 


MAX 


MIN 


TYPt 


MAX 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.7 


0.8 


V 


VlK 


Input clamp voltage 


V C c = MIN, 


l| =-18mA 




-1.5 


-1.5 


V 


VOH 


High-level output voltage 


V C c = MIN, 
V||_ = V||_ max. 


V| H = 2V. 
I H = MAX 


Qa. Qb, 
Qc.Qd 


2.4 


3.4 




2.4 


3.1 




V 


Qd' 


2.5 


3.4 




2.7 


3.4 




V 


vol 


Low-ievei output voltage 


V C c = MIN, 
v'il = V||_ max, 
V m =2V 


Qa. Qb. 
Qc.Qd 


IOL = 12 mA 




0.25 


0.4 




0.25 


0.4 


V 


'OL = 24 mA 






0.35 


0.5 


Qd' 


'OL = ^ mA 




0.25 


0.4 




0.25 


0.4 


V 


!OL = s mA 






0.35 


0.5 


'OZH 


Off-state output current, 
high-level voltage applied 


Vcc = MAX . 
V = 2.7 V 


V| H =2V, 


Qa. Qb. 
Qc.Qd 


20 


20 


MA 


>OZL 


Off -state output current, 
low-level voltage applied 


Vcc = MAX . 
V = 0.4 V 


V, H = 2V, 


Qa, Qb. 
Qc.Qd 


-20 


-20 


ma 


Input current at 
l| 

maximum input voltage 


Vcc = MAX - 


V| = 7V 




0.1 


0.1 


mA 


l|H 


High-level input current 


Vcc = MAX . 


V| = 2.7 V 




20 


20 


uA 


IlL 


Low-level input current 


Vcc = MAX, 


V| = 0.4V 




-0.4 


-0.4 


mA 


'OS 


Short-circuit output current§ 


Vcc = MAX 


Qa. Qb. 
Qc.Qd 


-30 




-130 


-30 




-130 


mA 


Qd' 


-20 




-100 


-20 




-100 


mA 


ice 


Supply current 


Vcc = MAX > 


See Note 2 


Condition A 




18 


29 




18 


29 


mA 


Condition B 




15 


25 




15 


25 



^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

t All typical values are at Vcc = 5 v . T A = 25°C. 

§Not more than one output should be shorted at a time.and duration of the short-circuit should not exceed one second. 

NOTE 2: Ice ' s measured with the outputs open, the serial input and mode control at 4.5 V, and the data inputs grounded under the following 

conditions: 

A. Output control at 4.5 V and a momentary 3 V, then ground, applied to clock input. 
-B. Output control and clock input grounded. 
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TYPES SN54LS395A, SN74LS395A 

4-BIT CASCADABLE SHIFT REGISTERS WITH 3-STATE OUTPUTS 

switching characteristics, Vqc = 5 V, T"a = 25° C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


f max Maximum clock frequency 


See Note 3, 

Oa, Ob, Qc, Oq outputs: 

R[_ = 667fi,C|_ = 45pF 
Or/ output: 

R L = 2kfi,C|_= 15 pF 


25 35 


MHz 


tPHL Propagation delay time, high-to-low-level output from clear 


23 35 


ns 


tpi_H Propagation delay time, low-to-high-level output 


23 35 


ns 


tpuL Propagation delay time, high-to-low-level output 


20 30 


ns 


t PZH Output enable time to high level 


13 20 


ns 


l PZL Output enable time to low level 


24 36 


ns 


tpnz Output disable time from high level 


CL = 5pF, 
See Note 3 


11 17 


ns 


tp|_z Output disable time from low level 


15 23 


ns 



NOTE 3: Load circuit and voltage waveforms are shown on page 3-11. 

functional block diagram 

DATA INPUTS 




CLEAR — < \y> <> 

OUTPUT t9> JS 
CONTROL \y 



schematics of inputs and outputs 



EQUIVALENT OF SERIAL 
AND DATA INPUTS 



V C C 



Req 



-i H i 



Serial: Rgq = 30 kfi NOM 
A, B,C,D: R^ = 20 k« NOM 



EQUIVALENT OF 
OTHER INPUTS 



Vcc— 

INPUT fj+ 



i 20 k n NO 



TYPICAL OF Q A , Q B , Qc. °D 
OUTPUTS 




TYPICAL OF Q D ' OUTPUTS 
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QUADRUPLE 2-INPUT 



TYPES SN54LS398, SN54LS399 

SN74LS398, SN74LS399 

MULTIPLEXERS WITH STORAGE 

BULLETIN NO. DL-S 7612465, OCTOBER 1976 



Double-Rail Outputs on 'LS398 

Single-Rail Outputs on 'LS399 

'LS398 is Similar to 'LS298, 
Which Has Inverted Clock 

Selects One of Two 4-Bit Data Sources 

and Stores Data Synchronously with System Clock 

Applications: 

Dual Source for Operands and Constants 
in Arithmetic Processor; Can Release 
Processor Register Files for Acquiring 
New Data 

Implement Separate Registers Capable of 
Parallel Exchange of Contents Yet Retain 
External Load Capability 

Universal Type Register for Implementing 
Various Shift Patterns; Even Has Compound 
Left-Right Capabilities 



SN54LS398 ... J OR W PACKAGE 

SN74LS398 ... J OR N PACKAGE 

(TOP VIEW) 



description 



These monolithic quadruple two-input multiplexers 
with storage provide essentially the equivalent func- 
tional capabilities of two separate MSI functions 
(SN54LS157/SN74LS157 and SN54LS175/ 

SN74LS175) in a single 16-pin or 20-pin package. 

When the word-select input is low, word 1 (A1, B1, 
C1, D1) is applied to the flip-flops. A high input to 
word select will cause the selection of word 2 (A2, 
B2, C2, D2). The selected word is clocked to the 
output terminals on the positive-going edge of the 
clock pulse. 

Typical power dissipation is 37 milliwatts. 
SN54LS398 and SN54LS399 are characterized for 
operation over the full military range of -55°C to 
125°C, SN74LS398 and SN74LS399 are character- 
ized for operation from 0°C to 70°C. 



V CC °D ^D Dl D2 C2 C1 ^C °C CLOCK 



Dl D2 C2 CI 



CK<- 



^imrtirLinimmmJiiti^ 



logic: see function table 



SN54LS399 ... J OR W PACKAGE 

SN74LS399 ... J OR N PACKAGE 

(TOP VIEW) 



V CC °P PI D2 C2 CI Qg CLOCK 



VS CK< 

Q A A1 A2 B2 B1 Dl 



njjuiiijijjijjiijij_rii_n 



logic: see function table 



FUNCTION TABLE 


INPUTS 


OUTPUTS 


WORD 
SELECT CLOCK 


°A °B °C Qd 


L t 
H t 
X L 


a1 b1 d d1 
a2 b2 c2 d2 

q ao Qbo Q C o Q D0 



See explanation of function tables on page 3-8. 
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TYPES SN54LS398, SN54LS399, SN74LS398, SN74LS399 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 



functional block diagram 



WORD 
SELECT 



~\> 



l4>. 





O 



4> 



S Qb 
♦— 0>CK 

R Qr 




o 




o 



■>- 



S QA 

, Ct>CK 

- R °A 



"QA 



Q B 



S Qc 



&c 



Qd 

#— 0>CK 

R Q D 



Qc 



-Qc 



Qd 



— C> Dynamic input activated by a transition from a high level to a low level 

I 
* .... 'LS3980nly 



schematics of inputs and outputs 



EQUIVALENT OF 
EACH DATA INPUT 



vcc- 



30kfi 
NOM 



d* 



EQUIVALENT OF 
OTHER INPUTS 



v C c- 



d*- 



v. 



Clock: R eq = 17 kfJ NOM 
Word select: R eq = 25 kn NOM 



TYPICAL OF ALL OUTPUTS 

-v C c 
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TYPES SN54LS398, SN54LS399, SN74LS398, SN74LS399 
QUADRUPLE 2-INPUT MULTIPLEXERS WITH STORAGE 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vqc (see Note 1) 

Input voltage 

Operating free-air temperature range: SN54LS' 

SN74LS' 
Storage temperature range 



7V 

7V 

-55°Cto 125°C 
. 0°C to 70°C 
-65°Cto150°C 



NOTE 1 : Voltage values are with respect to network ground terminal. 



recommended operating conditions 





SN54LS' 


SN74LS' 


UNIT 


MIN NOM MAX 


MIN 


NOM 


MAX 


Supply voltage, Vrjc 


4.5 5 5.5 


4.75 


5 


5.25 


V 


High-level output current, IrjH 


-400 


-^00 


/nA 


Low-ievei output current, Iol 


4 


8 


mA 


Width of clock pulse, high or low level, t w 


20 


20 


ns 


o=tup time, t su 


Data 


20 


20 


ns 


Word select 


25 


25 


Hold time, t n 


Data 








ns 


Word select 








Operating free-air temperature, Ta 


-55 125 







70 


°C 



electrical characteristics over 


ecommended 


operating free 


-air temperature 


range 


(unless otherwise noted) 


PARAMETER 


TEST CONDITIONS t 


SN54LS' 


SN74LS' 


UNIT 


MIN 


TYPI 


MAX 


MIN TYPt 


MAX 


V|H 


High-level input voltage 




2 ' 


2 


V 


V|L 


Lew-level input voltage 




0.7 


0.8 


V 


V|K 


Input clamp voltage 


V CC = MIN, 


l| =-18mA 




-1.5 


-1.5 


V 


V H 


High-level output voltage 


V CC = MIN, 
V||_ = V||_max 


V|H = 2V, 
lOH = -400mA 




2.5 


3.4 




2.7 3.4 


V 


vol 


Low-level output voltage 


V CC = MIIM, 
V|i_ = V|i_max 


V lH =2V, 


'OL = 4 mA 




0.25 


0.4 


0.25 


0.4 


V 


IqL = 8 mA 




0.35 


0.5 


Input current at 
l| 

maximum input voltage 


V cc = MAX, 


V| = 7 V 




0.1 


0.1 


mA 


hH 


High-level input current 


VfjC = MAX . 


V| = 2.7 V 




20 


20 


MA 


l|L 


Low-level input current 


V CC = MAX, 


V| =0.4 V 




-0.4 


-0.4 


mA 


!0S 


Short-circuit output current! 


Vcc = MAX 


-20 




-100 


-20 


-100 


mA 


<CC 


Supply current 


Vcc = M AX, 


See Note 2 






7.3 


13 


7.3 


13 


mA 



For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ AII typical values are at VqC = 5 V, T^ = 25°C. 

SNot more than one output should be shorted at a time, duration of the short-circuit should not exceed one second 
NOTE 2: With all outputs open and all inputs except clock low, l cc is measured after applying a momentary 4.5 V, followed 
the clock input. 

switching characteristics, Vcc = 5 V, Ta = 25° C 



by ground, to 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tPLH 


Propagation delay time, low-to-high-level output 


C|_ = 15pF, R L = 2kn, 
See Note 3 




18 


27 


ns 


tPHL 


Propagation delay time, high-to-low-level output 




21 


32 



NOTE 3: Load circuit and waveforms are shown on page 3-11, 
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TYPES SN54S412. SN74S412(TIM8212) 
MULTI-MODE BUFFERED LATCHES 



BULLETIN NO. DL-S 7512351, OCTOBER 1975 



P-N-P Inputs and 3-State Outputs Maximize 

I/O and Data Bus Capabilities 

Data Latch Transparency Permits 

Asynchronous or Latched Receiver Modes 

Mode and Select Inputs Permit Storing 

With Outputs Enabled or Disabled 

Strobe-Controlled Flag Flip-Flop Indicates 

Status or Interrupt 

Asynchronous Clear Sets All Eight Data 

Lines Low and Initializes Status Flag 

High- Level Output Voltage, Typically 4 V, 

Drives Most MOS Functions Directly 

Direct Replacement for Intel 3212 
or 8212 



SN54S412 ... J PACKAGE 

SN74S412 . . . J OR N PACKAGE 

(TOP VIEW) 



DATA INPUTS AND OUTPUTS 



V cc OUT IN OUT IN OUT 



OUT IN OUT' CLEAR SEL2 



r^W^l^U^l^^ 



INT DI8 D08 DI7 D07 DI6 0O6 DI5D05 CLR 



M DM D0 1 DI2 D02DI3 DO 3 DI4D04 STB 



SEL1 MODE | IN OUT IN OUT IN OUT 
DATA INPUTS AND OUTPUTS 



ntRlHlHlrEnifm 



0UT.STR08E GND 



logic: see function table 



description 



This high-performance eight-bit parallel expandable buffer register incorporates package and mode selection inputs and 
an edge-triggered status flip-flop designed specifically for implementing bus-organized input/output ports. The 
three-state data outputs can be connected to a common data bus and controlled from the appropriate select inputs to 
receive or transmit data. An integral status flip-flop provides package busy or request interrupt commands. The outputs, 
with a 4-volt typical high-level voltage, are compatible for driving low-threshold MOS directly. 

DATA LATCHES 

The eight data latches are fully transparent when the internal gate enable, G, input is high and the outputs are enabled 
(OE = H). Latch transparency is selected by the mode control (M), select (S1 and S2), and the strobe (STB) inputs and 
during transparency each data output (DOj) follows its respective data input (Dlj). This mode of operation can be 
terminated by clearing, de-selecting, or holding the data latches. See data latches function table. 

MODE SELECTION 

An input mode or an output mode is selectable from this single input line. In the input mode, MD = L, the eight data 
latch inputs are enabled when the strobe is high regardless of device selection. If selected during an input mode, the 
outputs will follow the data inputs. When the strobe input is taken low, the latches will store the most-recently setup 
data. 

In the output mode, M = H, the output buffers are enabled regardless of any other control input. During the output 
mode the content of the register is under control of the select (S1 and S2) inputs. See data latches function table. 

STATUS FLIP-FLOP 

The status flip-flop provides a low-level output signal when: 

a. the package is selected 

b. a strobe input is received. 

This status signal can be used to indicate that the register is busy or to initiate an interrupt type command. 
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TYPES SN54S412, SN74S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 



functional block diagram 
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schematics of inputs and outputs 



EQUIVALENT OF CLEAR, STROBE, 
MODE, S1, AND S2 INPUTS 



V C C 




EQUIVALENT OF EACH D1 INPUT 



VCC- 



* 



&-C 



TYPICAL OF ALL OUTPUTS 

-VCC 

100C2 
NOM 
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TYPES SN54S412, SN74S412(TIM8212) 
MULTI-MODE BUFFERED LATCHES 



I 



DATA LATCHES FUNCTION TABLE 



FUNCTION 


CLEAR 


M 


S1 


S2 


STB 


DATA IN 


DATA OUT 


Clear 


L 
L 


H 

L 


H 

L 


X 

H 


X 

L 


X 
X 


L 

L 


De-select 


X 
X 


L 
L 


X 

H 


L 
X 


X 
X 


X 
X 


Z 
Z 


Hold 


H 

H 


H 
L 


H 
L 


L 
H 


X 

L 


X 
X 


Qo 
°o 


Data Bus 


H 
H 


H 
H 


L 
L 


H 
H 


X 
X 


L 
H 


L 
H 


Data Bus 


H 
H 


L 
L 


L 
L 


H 
H 


H 
H 


L 
H 


L 
H 



STATUS FLIP-FLOP FUNCTION TABLE 



CLEAR 


S1 


S2 


STB 


INT 


L 


H 


X 


X 


H 


L 


X 


L 


X 


H 


H 


X 


X 


I 


L 


H 


L 


H 


X 


L 



H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 

Zshigh impedance (off) 

I ^transition from low to high level 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, V<x ^ e Note 1 ' 7 V 

Input voltage 

Operating free-air temperature range: SN54S412 -55 C to 125 C 

SN74S412 0°Cto70°C 

Storage temperature range _ ^5 C to 150 C 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 







SN54S412 


SN74S412 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqc 


4.5 5 5.5 


4.75 5 5.25 


V 


Pulse width, t w 

(see Figures 1 , 2, and 4) 


STB or S"1 • S2 


25 


25 


ns 


Clear low 


25 


25 


Setup time, t su (see Figure 3) 


154- 


15| 


ns 


Hold time, t n (see Figures 1 and 3) 


20-1- 


204 


ns 


Operating free-air temperature, T^ 


-55 125 


70 


°C 



I The arrow indicates that the falling edge of the clock pulse is used for reference. 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 




TEST CONDITIONS 1- 


SN54S412 


SN74S412 


UNIT 




MIN TYPf MAX 


MIN TYPt MAX 


Vjh High-level input voltage 




2 


2 


V 


V||_ Low-level input voltage 




0.85 


0.85 


V 


V| k Input clamp voltage 


V CC = MIN; l| = -18mA 


-1.2 


-1.2 


V 


Vqh High-level output voltage 


V CC = MIN, V| H = 2V, 
V| L = 0.8V, l H = -1rnA 


3.65 4 


3.65 4 


V 


V 0L Low-level output voltage 


V CC = MIN, 
V| H = 2V, 
V| L = 0.8V 


'OL = 15 mA 


0.45 


0.45 


V 


'OL = 20 mA 


0.5 


0.5 


Off-state output current, 
high-level voltage applied 


DO 1 thru 
DO 8 


V cc = MAX, V = 2.4 V 


50 


50 


MA 


Off -state output current. 
'OZL 

low-level voltage applied 


DO 1 thru 
DO 8 


V CC = MAX, V = 0.5 V 


-50 


-50 


M 


Input current at 
l| . 

maximum input voltage 


Vcc = MAX - v ! = 5 - 5 v 


i 


i 


mA 


1 1 h High-level input current 


Vr.c = MAX, Vi = 5.25 V 


20 


10 


•iA 


l||_ Low-level input current 


S1 


Vcc = MAX - V| = 0.4 V 


- -1 


-1 


mA 


M 


-0.75 


-0.75 


All others 


-0.25 


-0.25 


lOS Short-circuit output current § 


Vcc = MAX 


-20 -65 


-20 -65 


mA 


Ifjc Supply current 


Vcc = MAX, see Note 2 


82 


82 130 


mA 



T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

f All typical values are at VqC = 5 v . t a = 25° C. 

3 Not more than one output should be shorted at a time. 

NOTE 2: i cc is measured with ail outputs open, ciear input at 4.5 V, and all other inputs grounded. 



switching characteristics, Vqq = 5 V, T A = 25° C 



PARAMETER 


FROM 


TO 


FIGURE 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


STB, S1,or S2 


Any 
DO 


1 


C L = 30pF, 
See Note 3 


18 27 


ns 


tPHL 


15 25 


tPHL 


CLR 


Any DO 


2 


18 27 


ns 


tPLH 


Dlj 


DOj 


3 


12 20 


ns 


fPHL 


10 20 


tPLH 


S1 orS2 


INT 


4 


C L = 30 pF, 
See Note 3 


12 20 


ns 


tPHL 


STB 


INT 


4 


16 25 


tZH 


S1,S2, orM 


Any DO 


5 


C|_ = 30pF, 
See Note 3 


21 35 


ns 


*ZL 


25 40 


tHZ 


S1,S2, orM 


Any DO 


5 


C L = 5pF, 
See Note 3 


9 20 


ns 


*LZ 


12 20 



tpi_|-| = propagation delay time, low-to-high-level output 
t PHL = P r °P a 9 ation delay time, high-to-low-level output 
t£H = output enable time to high level 
t£|_ =output enable time to low level 
t^z =output disable time from high level 
t(_z = output disable time from low level 
NOTE 3: Load circuit and voltage waveforms are shown on page 3-10. 
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i 


PARAMETER MEASUREMENT INFORMATION 


DATA INPUT 
STB OR S1«S2 


1.5 vX 

k — »w 

1. 5V / 

k-t P HL- 


DATA OUTPUl 

/1-5V 
tPHL ►) 

TA OUTPUT 


Yl.5V 

/[V- OV 

— ' 25 V 

OV 

V H 

v OL 

r 

2.5 V 


DATA OUTPUT 


FIGURE 1 - STROBE OR SELECT TO I 


CLEAR INPUT 


1.5 v\ 

l« '' 


OV 


DATA OUTPUT 


FIGURE 2 - CLEAR INPUT TO DA 


V H 

.5 V 

v OL 

2 5V 


DATA INPUT 


h — tsu — *^ 

i \ 

k p\- *PHL 

)k / " v 

FIGURE 3 - DATA INPUT TO D/ 


#1.5 V 
_/.\ OV 


STB OR S1-S2 
DATA OUTPUT 


1.5 V 

VTA OUTPUT 


It! 25V 

OV 

V H 

v 0L 

2.5 V 


STROBE 


K — »+ ^(stb) 




— OV 

. 25 V 


S1«S2 


i 
I 
l 


tw(sel) ^ 

L 
INTERRUPT O 


-JM.5V 

A nv 




»l«»Li!!k" v 0H 

7M.5V 

' vol 

UTPUT 

2.5 V 


INTERRUPT OUTPUT "^ 

U — W-tpH 
FIGURE 4 - STROBE OR SELECT TO 


S1-S2 


/" v 


V 1.5 V 
l\ 


nv 




I 
— H tzH h— 


I 

*i tHZ 

I 


H — . — 0.5 V 


DATA OUTPUT 
<HIGH STORED) 


1 '/ 

' ~ V 


I 
I 
I 
—•4 t L Z 


V t 




») tZL U — 

1 


i 


DATA OUTPUT 
(LOW STORED) 


\ I '■ ov 


I | — 0.5 V 




FIGURE 5 - SELECT TO DATA OUTPUT 


t 
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TYPE SN74LS424 (TIM8224) 
TWO-PHASE CLOCK GENERATOR/DRIVER 



BULLETIN NO. DL-S 7612475, OCTOBER 1976 



Designed to be Interchangeable With Intel 8224 

Single-Chip Clock Driver With 
Self-Contained Oscillator 

Specifically Designed to Drive 
All 8080A Microprocessors 



J OR N PACKAGE 
(TOP VIEW) 



description 



This clock generator is capable of driving 12-volt 
lines. It contains a crystal-controlled oscillator, a 
divide-by-nine clock phase generator, two high-level 
drivers, and auxiliary circuitry. 

The internal oscillator is designed to operate with 
fundamental-mode crystals, or with overtone-mode 
crystals when using a parallel-tuned circuit connected 



appears on pin 12 and drives the divide-by-nine 
counter. The -H3 clock phase generator output 
consists of phases <p2 for driving MOS inputs and 
4>2 TTL for driving TTL. Three other TTL outputs, 
status strobe, reset, and ready, are coupled to the 
divide-by-nine counter. A sync input from the 8080A 
is AND'ed with 01 A to produce the status strobe. 
The power-on reset also generates the status strobe 
signal through an output NOR gate. The reset input 
works on a voltage-level basis by use of a Schmitt 

functional block diagram 

XTAL1 



XTAL XTAL TANK OSC 





16 




15 




14 




13 




12 




ii 




10 




9 
















n 








XTAL XTAL TANK OSC 01 62 
1 2 

RESET 

62 

RESIN RDYIN READY SYNC TTL STSTB 













o 






M 






"I 


2 


"I 


3 


M 


4 


-i 


5 


-i 


B 


-i 


' 




-i 


a 


—^ 



RESET RESIN RDYIN READY SYNC 6 2 STSTB GND 
OUT OUT iNPUT TTL OUT 



trigger. A rising voltage waveform is triggered at a 
particular voltage. A synchronized ready output is 
obtained by clocking with a 02 signal. 

The SN74LS424 is characterized for operation over 
the temperature range of 0°C to 70°C. 
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TYPE SN74LS424 (TIM8224) 
TWO-PHASE CLOCK GENERATOR/DRIVER 



schematics of inputs and outputs 



EQUIVALENT OF RESET 
AND SYNC INPUTS 



vcc- 



6kn 
NOM 



« RESET 

n — -Dj — , 



EQUIVALENT OF READY INPUT 



V C C 



EQUIVALENT OF XTAL 1 AND 
XTAL 2 NODES 



v C c 




EQUIVALENT OF TANK INPUT 




vcc- 



200 n i 

NOM 1 



z 



I 



TYPICAL OF 01, 02 OUTPUTS 




V D D 



TYPICAL OF ALL OUTPUTS 
EXCEPT 01, 02 



V C C 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc (see Note 1) 7 V 

Supply voltage, Vqd 17 V 

Input voltages (sync, reset, ready) 7 V 

Operating free-air temperature range, Ta C to 70 C 

Storage temperature range —65 C to 150 C 

NOTE 1 : Voltage values are with respect to network ground terminal. 
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TYPE SN74LS424 (TIM8224) 
TWO-PHASE CLOCK GENERATOR/DRIVER 



recommended operating conditions 




MIN NOM 


MAX 


UNIT 


Supply voltage, Vcc 


4.75 


5 


5.25 


V 


Supply voltage, Vprj 


11.4 


12 


12.6 


V 


Ready input se.tup time, t su (RDYIN) 


50-^ 


ns 


Ready input hold time, t n (RDYIN) 


4tc 
9 


ns 


Operating free-air temperature range, T^ 





25 


70 


°C 


electrical characteristics over recommended operating free 


air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP* 


MAX 


UNIT 


V|h High-level input voltage 


Reset input 




2.6 


V 


Aii others 


2 


V||_ Low-level input voltage 




0.8 


V 


V 7+ — Vj_ Hysteresis 


Reset input 




0.25 


V 


V|x Input clamp voltage 


Vcc = 4 - 75 v. 


V DD = 11.4 V 


1 1 = — 5 mA 


-1 


V 


!i = -1SrnA 


-1.5 


Vqh High-level output voltage 


01,02 


Vcc = 4 - 75 v . 


V DD = 11.6 V 


ioh = -i°°ma 


9.4 


10.4 




V 


Ready, reset 


3.6 


3.9 




Others 


lOH = -1 mA 


2.4 


3.1 




Vql Low-level output voltage 


01 , 02, reset, 
status strobe 


Vcc = 4 - 75 v - 


V DD = 11.4V 


'OL = 2.5 mA 




0.2 


0.45 


V 


02 TTL, osc 


Iql = 15mA 




0.25 


0.45 


Input current at 
l| 

maximum input voltage 


Vcc = 5 -25 V, 


V DD = 12.6 V, V| = 7 V 


100 


MA 


l|H High-level input current 


Vcc = 5 - 25 v. 


VDD = 12.6 V, V| = 5.25 V 


10 


liA 


l|l_ Low-level input current 


V C c = 5-25 V, 


V DD = 12.6 V, V| = 0.4 V 


-0.25 


mA 


Short-circuit 
'OS . . . 
circuit currents 


All except 


V C C = 5 V, 


V DD = 12V 


-10 




-60 


mA 


01,02 


ICC Supply current from Vcc 


V C c = 5 -25 V, 


V DD = 12V 




70 


115 


mA 


1 dd Supply current from Vpp 


V DD = 12.6 V, 


Vcc = 5 V, See Note 2 




6 


12 


mA 


C| Input capacitance 


V C C = 5 V, 
f = 1 MHz, 


V DD = 12V, V|=2.5V, 
See Note 2 


8 


pF 



*AII typical values are at V cc = 5 V, V DD = 12 V, T A = 25° C. 

SNot more than one output should be shorted at a time. 01 and 02 do not have short-circuit protection. 

NOTE 2: Iq c and Iqq are measured with outputs disabled and open. 
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TYPE SN74LS424 (TIM8224) 
TWO-PHASE CLOCK GENERATOR/DRIVER 



switching characteristics, Vqq = 5 V, Vqq = 12 V, T^ = 25°C, see figure 1 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


fmax 


Maximum oscillator frequency 


01 and 02: 

C L = 20pFto 110 pF, 
See Figure 2 

02 TTL: 

C[_ = 30pF, R1=300fi, 
R2 - 600 n. See Figure 3 

Status Strobe: 

C L = 15pF, R1=2kn, 
R2 = 4 kft. See Figure 3 

OSC, Ready, Reset: 

C|_ = 10pF, R1=2k«, 
R2 = 4kn, See Figure 3 


27 


MHz 


tcfosc) 


Oscillator cycle time 


9 


ns 

■ 


^(01) 


Pulse width, 01 high 


£k-20 
9 


ns 


l w(02) 


Pulse width, 02 high 


5k -35 
9 


ns 


twISS) 


Pulse width, status strobe low 


i£— 15 
9 


ns 


Vfo) 


Rise time, clock outputs 


20 


ns 


^(0) 


Fall time, clock outputs 


20 


ns 


*01 L,02H 


Delay time, 01 low to 02 high 





ns 


V2L.01 H 


Delay time, 02 low to 01 high 


3E-14 
9 


ns 


VlH,02H 


Delay time, 01 high to 02 high 


2!c 

9 


Hl£+20 
9 


ns 


l 02,02T 


Delay time, 02 to 02 TTL 


-5 


15 


ns 


^H.SSL 


Delay time, 02 high to 
status strobe low 


§k_30 
9 


6t c 
9 


ns 


tRV,02L 


Delay time, ready or reset 
output valid to phase 2 low 


iSE-25 
9 


ns 



t c = t c(01) = t c (02) 



EXAMPLE: switching times for f QSC = 20 MHz (t^-]) = t c ^ 2 ) = 450 ns ) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


f sc Oscillator frequency 


Same as above 


20 


MHz 


tclosc) Oscillator cycle time 


50 


ns 


l w(01) Pulse width, 01 high 


80 


ns 


l w(02) Pulse width, 02 high 


215 


ns 


twISS) Pulse width, status strobe 


35 


ns 


*01 L,02H Delay time, 01 low to 02 high 





ns 


l 02L,01 H Delay time, 02 low to 01 high 


86 


ns 


*01 H,02H Delay time, 01 high to 02 high 


100 120 


ns 


Delay time, 02 high to 
*02H,SSL ,_ , 

status strobe low 


270 300 


ns 


Delay time, ready or reset 
l RV 02L 

output valid to 02 low 


175 


ns 
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TYPE SN74LS424 (TIM8224) 
TWO-PHASE CLOCK GENERATOR/DRIVER 



PARAMETER MEASUREMENT INFORMATION 



Mosc)- 



j~LJiJTjmrLriJiJT_rLrL. 






-tfi*) 



i 

| t<, 1L >2H-j— ^ /^ 



i^v 



- l 01 



02H-J*- •) _/ 
H,02H— J/" 



- l w«>2)- 



t <?2,02T- 



SYNC 

(FROM 8080 A) 



H 4-Mss) 



\-f 



1.5 V-*- -#-1.5 V 



READY ^| 

1.5 V 
RESET 

INPUT 



. ^ulRDYIN) 
1 |a ■ th(RDYIN)- 



READY OUTPUT 



RESET OUTPUT 



3t 



-t.J>2L,01H- 



f 



k— m. 02T 

V 5V 



J I 

t«2H, SSL — (- 



-1 _ 



-t Rv .*2L- 



30Z. 



-lRV,<J)2L 



\-1.5V 



ktwissi-J 



j r 

1.5V-^ tF~- 1 - 5v 



NOTE: Transistion times, pulse widths, and inter pulse relationships are distorted in this diagram in order to define various intervals, See Figure 5 
for correct relative relationships. 

VOLTAGE WAVEFORMS 

FIGURE 1 



vcc 



OUTPUT 
UNDER O- 
TEST 



01 , 02 O- 



r 



c l; 



LOAD CIRCUIT 
FIGURE 2 



LOAD CIRCUIT 
FIGURE 3 
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TYPICAL APPLICATION DATA 

The 'LS424 is a single-chip clock generator/driver for 8080A CPU's, furnishing three clocks (01 , 02 and 02 TTL), status 
strobe, reset, and ready signals. The 'LS424 contains a crystal-controlled oscillator, a divide-by-nine counter, two 
high-level drivers, and several auxiliary logic functions. Figure 4 is a functional block diagram of the SN74LS424. 
Figure 5 shows the relationship between 01, 02, and the oscillator frequency period. 

oscillator 

A high order of clock frequency stability is provided by use of an external quartz crystal to set the oscillator frequency 
which is nine times the operating frequency of the 8080A. The quartz crystal is operated in a series-resonant mode. A 
fundamental-mode crystal requires no auxiliary circuitry, but an overtone-mode crystal requires an ac-coupled 
parallel-resonant circuit to be connected to the tank connection (pin 13). The parallel-resonant circuit, tuned to the 
oscillator frequency, compensates for the lower Q of the overtone-mode crystal. The required size of the circuit 
components can be calculated from f = 1 /2ir\/LC where f is the oscillator frequency, L is inductance value, and C is 
capacitance value. Figure 6 shows an ac-coupled parallel-tuned circuit used with the SN74LS424. 

clock phase generator 

The divide-by-nine clock phase generator contains a divide-by-nine counter, logic required to shape the clock pulses as 
shown under parameter measurement information, gates and flip-flops to generate auxiliary signals, and output drivers. 
The divide-by-nine counter waveforms are combined with gates to form a 01 pulse with a width of two periods of the 
oscillator frequency, repeating at intervals of nine oscillator periods. Similarly, the 02 pulse, having a width of five 
oscillator frequency periods, is formed lagging the 01 pulse by two oscillator periods. 

01 and 02 outputs are provided by high-level drivers for direct connection to the 8080A CPU. 02 TTL is derived in a 
manner similar to 01 and 02, but the output driver output is at TTL voltage levels. The 02 TTL pulse width is the same 
as 02. A 02 TTL application is clocking in direct memory access activities. Figure shows the 'LS424 connected to an 
8080A, quartz crystal, and LC circuits. 

status strobe 

The 8080A CPU puts status information on its data bus at the beginning of each machine cycle that defines the nature 
of the machine operation for that cycle. A sync signal from the 8080A is gated by an internal timing signal (01 A) and 
becomes a status strobe to notify system components that the status data is present on 8080A status output lines. The 
status strobe signal connects directly to the 'S428 system controller. 

The status strobe signal is alternatively generated by the reset input. An external RC series network connected to VrjC 
and the reset input will provide a rising voltage waveform when VrjC is turned on. An internal Schmitt trigger circuit 
generates a sharp, fast-rising waveform when the reset input reaches a particular voltage value. The Schmitt trigger is 
connected to the D input of a flip-flop clocked by 02D. When power is turned on, the combination of internal and 
external circuitry will produce a status strobe signal. A manual reset switch can be connected as in figure 6 to the RC 
network to produce reset and status strobe signals for the 8080A. 

The ready signal indicates to the 8080A that an external device has completed transfer of data to or from the data bus. 
A ready signal input to the 'LS424 drives the D input of a flip-flop clocked by an internal 02D signal. Timing 
requirements of the 8080A machine cycle are met by the synchronization with the system clocks provided by the 
flip-flop. This implementation saves about 200 ns of system time during memory cycles (as contrasted with generating a 
"wait request" within the 8080A's MOS logic) since the bipolar logic of the 'LS424 has much less delay. 
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TYPICAL APPLICATION DATA 




_FF1 



02- 



T~L 



• i 2 j 3 j 4 1 6 IliHi 



r 



Example: 8080 A cycle = 450 ns 



: 20 MHz (unit = 50 ns) 



'OSC- 

^iipl) 

t w (02) = 250 ns (5 X 50 ns) 

VaL.^IH 3 100 ns (2 X 50 ns) 



^4H 
*&l I 



TANK 
(13) 



MANUAL — r— 
SWITCH vlx 




02TTL 

READY (3) 
(RDYIN) 



(STSTB) 
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CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 



BULLETIN NO. DL-S 7612468, OCTOBER 1976 



• Designed to Be Interchangeable with Intel 8228 
and 8238 



N PACKAGE 
(TOP VIEW) 



PIN DESIGNATIONS 



DESIGNATION 


PIN NOS. 


FUNCTION 


DO thru D7 


15, 17, 12, 10, 
6, 19, 21, 8 


BIDIRECTIONAL DATA PORT 
(TO TMS 8080A) 


DBO thru DB7 


13, 16, 11, 9, 
5, 18, 20, 7 


BIDIRECTIONAL DATA PORT 
(TO SYSTEM BUS) 


l/OR 


25 


READ OUTPUT TO I/O 
(ACTIVE LOW) 


io/w 


27 


WRITE OUTPUT TO I/O 
(ACTIVE LOW) 




24 


READ OUTPUT TO MEMORY 
(ACTIVE LOW) 


MEMR 




26 


WRITE OUTPUT TO MEMORY 
(ACTIVE LOW) 


MEMW 


DBIN 


4 


INPUT TO INDICATE 
TMS 8080A IS IN INPUT 
MODE (ACTIVE HIGH) 


INTA 


23 


INTERRUPT ACKNOWLEDGE 
OUTPUT (ACTIVE LOW) 


HLDA 


2 


HOLD ACKNOWLEDGE 
INPUT (ACTIVE HIGH) 
FROM TMS 8080 A 


WR 


3 


INPUT TO INDICATE 
TMS 8080A IS IN WRITE 
MODE (ACTIVE LOW) 




22 


SYSTEM DATA PORT 
ENABLE INPUT (ACTIVE 
LOW) 


BUSEN 




1 


SYNCHRONIZING STATUS 
STROBE INPUT FROM 
SN74LS424 (TIM8224) 


STSTB 


vcc 


28 


SUPPLY VOLTAGE (5 V) 


GND 


14 


GROUND 



j28U27lj2liU2lilj2^^ 



n HH 



T75W i75E 

r-C| STSTB 



llJt2jl3jl4Jl5j1_Bj^Jt^^ 



logic: see description 



functional block diagram 




V cc = PIN (28). GND = PIN (14) 



description 



These monolithic Schottky-clamped TTL system controllers are designed specifically to provide bus-driving and 
peripheral-control capabilities for interfacing memory and I/O devices with the 8080A in small to medium-large micro- 
computer systems. 

A bidirectional eight-bit parallel bus driver is provided that isolates the 8080A bus from the memory and I/O data bus 
allowing the system designed to utilize cost-effective memory and peripheral devices while obtaining the maximum 
efficiency from the microprocessor. The TTL system drivers also provide increased fan-out with a lower impedance 
that enhances noise margins on the system bus. 

Implementation of the status latches and control decoding array of the SN74S428/SIM74S438 provides for using 
either a single-level interrupt vector RST7 for small systems, or multiple-byte call instructions for systems needing 
unlimited interrupt levels. 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 



description (continued) 

With respect to the system clocks, the SN74S438 is configured to generate an advanced response for I/O or memory 
write output signals to further simplify peripheral control implementation of complex systems. See Figure 3. 

8-bit parrallel bus transceiver 

The 8-bit parallel bus transceiver buffers the 8080A data bus from the memory and I/O system bus by providing 
one port (DO through D7) to interface with the 8080A and another port (DBO through DB7) to interface with the 
system devices. The 8080A side of the transceiver is designed specifically to interface with the microprocessor data 
bus ensuring not only that the processor output drive capabilities are adequate, but also that the inputs are driven 
with enhanced noise margins. The system bus side features high fan-out buffers designed to drive a number of system 
devices simultaneously and directly. The system port is rated to sink ten milliamperes of current and to source one 
milliampere of current at standard low-threshold voltage levels. 

Status lines from the 8080A instruction-status decoder and the system bus enable input (BUSEN) provide complete 
transceiver directional and enable control to ensure integrity of both the processor data and the system bus data. 

status latches 

During the beginning of each machine cycle, the six status latches rece ive stat us information from the 8080A data 
bus indicating the type of operation that will be performed. When the STSTB input goes low, the latches store the 
status data and generate the signals needed to enable and sequence the memory and I/O control outputs. The status 
words and types of machine cycles are enumerated in Table A. 



TABLE A - STATUS WORDS 



STATUS 
WORD 


8080A 
STATUS OUTPUT 


TYPE OF 
MACHINE CYCLE 


'S428/'S438 
COMMAND 
GENERATED 


DO 


D1 


D2 D3 D4 D5 


D6 


D7 


1 
2 
3 
4 
5 


L 
L 
L 
L 
L 


H 
H 

L 
H 

L 


L L L H 
L L L L 
L L L L 
H L L L 
H L L L 


L 
L 
L 
L 
L 


H 
H 

L 
H 

L 


Instruction fetch 
Memory read 
Memory write 
Stack read 
Stack write 




MEMR 


MEMR 


MEMW 


MEMR 


MEMW 


6 


L 


H 


L L L L 


H 


L 


Input read 


TTor 


7 


L 


L 


L L H L 


L 


L 


Output write 


l/OW 


8 


H 


H 


L L L H 


L 


L 


Interrupt acknowledge 


INTA 


g 


L 


H 


L H L L 


L 


H 


Halt acknowledge 


NONE 


10 


H 


H 


L H L H 


L 


L 


Interrupt acknowledge at halt 


Tnta 




< 

H 
Z 


i 


X. < H — 
O h- D 5 
< _l o 
K I 
w 

STATUS INFORMATION 


Q_ 

z 


5 







decoding array 

The decoding array receives enabling commands from the status latches and sequencing commands from the 8080A 
and generates memory and I/O read/write commands and an interrupt acknowledgement. 
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description (continued) 



The read commands (MEMR, l/OR) and the interrupt acknowledg ement ( I NT A) are derived from the status bit(s) 
and the data bus input mode (DBIN) signal. The write commands (MEMW, l/OW) are derived from the status bit(s) 
and the write mode (WR) signal. (See Table A.) All control commands are active low to simplify interfacing with 
memory and I/O controllers. 

The interrupt acknowledgement (1NTA) command output is actually a dual function pin. As an output, its function 
is to provide the INTA. command to the memory and I/O peripherals as decoded from the status inputs and latches. 
When CALL is used as an interrupt instruction, the SN74S428/SN74S428 generates the proper sequence of control 
signals. Additionally, the terminal includes high-threshold decoding logic that permits it to be biased through a one- 
kiiohm series resistor to the 12^/olt supply to implement an interrupt structure that automatically inserts an RST7 
instruction on the bus when the DBIN input is active and an interrupt is acknowledged. This capability provides a 
single-level interrupt vector with minimal hardware. 

The asynchronous bus enable (BUSEN) input to the decoding array is a control signal that protects th e system bus. 
The system bus can be accessed and driven -from the SN74S428/SN74S428 controller only when the BUSEN input 
is at a low voltage level. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vqc < see Note ' ) 

Input voltage 

Operating free-air temperature range 
Storage temperature range . . . 



7V 

.... 7 V 
. 0°C to 70°C 
-65°Cto150°C 



NOTE 1 : Voltage values are with respect to network ground terminal. 



recommended operating conditions 



I 





MIN NOM MAX 


UNIT 


Supply voltage, Vrjc 


4.75 5 5.25 


V 


High-level output current, IrjH 


DO thru D7 


-10 


MA 


All others 


-1 


mA 


Low-level output current, IrjL 


DO thru D7 


2 


mA 


All others 


10 


Status strobe puise width, t m (sTSTB) > see Figure 3) 


22 


ns 


Setup time, ts U (see Figure 3) 


Status inputs DO thru D7 


8 


ns 


System bus inputs to HLDA 


10 


Hold time, th (see Figure 3) 


Status inputs DO thru D7 


5 


ns 


System bus inputs to HLDA 


20 


Operating free-air temperature, Ta 


70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPf MAX 


UNIT 


V|h High-level input voltage 




2 


V 


V||_ Low-level input voltage 




0.8 


V 


V | k 1 nput clamp voltage 


V CC = MIN, l|=-5mA 


-1 


V 


Vqh High-level output voltage 


DO thru D7 


Vcc = MIN, V| H = 2V, 
V| L = 0.8V, l OH = MAX 


3.6 4 


V 


All other outputs 


2.4 


Vql Low-level output voltage 


V CC = MIN, V 1H =2V, 
V| L = 0.8V, l 0L = MAX 


0.45 


V 


Off-state output current, 
high-level voltage applied 


V CC = MAX, V = 5.25 V 


100 


MA 


Off -state output current, 

'OZL 

low-level voltage applied 


V CC = MAX, Vq = 0.45 V 


-100 


VA 


■ 1 1 — | High-level input current 


INTA 


Vr;c = MIN, See Figure 1 


5 


mA 


DO thru D7 


Vcc = MAX, V|= 5.25 V 


20 


juA 


All other inputs 


100 


1 [ [_ Low-level input current 


D2 or D6 


V CC = MAX, V|=0.45V 


—760 


;uA 


STSTB 


-500 


All other inputs 


-250 


'OS Short-circuit output current! 


V CC = MAX 


-15 -90 


mA 


ICC Supply current 


V CC = MAX 


140 190 


mA 



^For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions 

+ AII typical values are at Vqq = 5 V, T/^ = 25° C. 

3 Not more than one output should be shorted at a time. 



switching characteristics, Vcc = 5V,Ta= 25°C, see figure 3 



PARAMETERU 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPD 


DO thru D7 


DB0 thru DB7 


C L = 100 pF, 


See Figure 2 


5 


40 


ns 


tPD 


DBOthru DB7 


DO thru D7 


C L = 25pF, 


See Figure 2 


30 


ns 


tPHL 




INTA, l/OR, MEMR, 


C L = 100 pF, 


See Figure 2 


20 


60 


ns 


STSTB 


l/OW, MEMW 


tPD 


WR 


l/OW, MEMW 


5 


45 


ns 


tPLH 


DBIN 


INTA, l/OR, MEMR 


30 


ns 


tPLH 


HLDA 


INTA, l/OR, MEMR 


25 


ns 


tPZX 


DBIN 


DO thru D7 


C L = 25pF, 


See Figure 2 


45 


ns 


tpxz 


DBIN 


DO thru D7 


45 


ns 


tPZX 


STSTB, BUSEN 


DBOthru DB7 


Ci_= 100 pF, 


See Figure 2 


30 


ns 


tpxz 


BtlSEN 


DBOthru DB7 


30 


ns 



" tpo — propagation delay time 
tPHL — Propagation delay time, high-to-low-level output 
tp|_n — propagation delay time, low- to-high-level output 
tpzx — output enable time from high-impedance state 
tpxz — output disable time to high-impedance state 
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PARAMETER MEASUREMENT INFORMATION 



1 £ 



FIGURE 1-INTA INPUT CURRENT 
TEST CIRCUIT 



FIGURE 2-SWITCHING CHARACTERISTICS 
LOAD CIRCUIT 



C 



r^^^ r\ r\ 



_n^j~\ r\ r\ r\ 



v h-«--H 



«-+— n 



\S 



TMS8080A - 
DATA BUS 
STATUS INPUTS 
DO thm D7 " 



jS 



SYSTEM BUS INPUT 
DURING READ 
DBO tnru DB7 



\l 



V 



3€I 



f" ^ 



!~T- 



"J 



3E 



■h 



f 



^T 



I CS428 onlv) 



"\ll 



-I 



|'S438 only, see Note A) 



~^^L f v 



TMSSOSOA BUS INPUT 

DURING WRITE 

DO thru D7 

SYSTEM BUS OUTPUT 
DURING WRITE - 
DBO thru DB7 



3£i 



tpzx-»| 



+3V 
N J o.8V 



¥. 



V f 



SYSTEMBUS J '] | |} 

OUTPUTS I ij- MV |0.8V j^ 

DBO thru DB7 |»tpzX*l |< » l 'PXZ 



NOTE A: Advanced response of l/OW or MEMW for the SN74S438 is indicated by the dashed line. 

FIGURE 3-VOLTAGE WAVEFORMS 



7-518 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



TYPES SN74S428(TIM8228). SN74S438(TIM8238) 
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TYPICAL APPLICATION DATA 



V DD (12 V)- 
V CC (5 V)- 
V B B(-SV). 



(IS) 
"(14) : 



SN74LS424 
, (TIM8224) 



TANK- 



, (12! 



02TTL 



osc « 

«2TTL 4 

RlSIN ►^ S C| RESIN 

BDYIN ►-^HRDYIN 



TANK CLOCK 

GENERATOR 
OSC DRiVER 



.(2), 



SYNC 
RESET 
READY 
STSTB 



GND 
| (8) 



(4) 
-(7) 



SYSTEM DMA REQUEST - 

SYSTEM INTERRUPT REQUEST - 

INTERRUPT ENABLE - 



SYNC 
RESET 
READY 
WAIT 



HOLD 

INT 

INTE 



| (2) 



WR O 



* r 









4 » 



-«->- 



v cc 

DO 'S428/'S43S DB0 
D1 (TIM8228/ DB1 

□2 TIM8238) DB2 
DB3 
DB4 
DB5 

D6 D66 



20S 

») 

=f— HLDA 



I NT A ^ 



"►^BUSEN 
^ STSTB 



MEMR 

MEMW 

l/OR 

i/oW 



|(14 




FIGURE 4-SYSTEM INTERFACING WITH CENTRAL PROCESSING UNIT 
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TYPES SN54490, SN54LS490, SN74490, SN74LS490 
DUAL 4-BIT DECADE COUNTERS 



BULLETIN NO. DL-S 7612089, OCTOBER 1976 



Dual Versions of Popular SN5490A, SN54LS90, 
SN7490A, and SN74LS90 Counters 

Individual Clock, Direct Clear, and Set-to-9 
Inputs for Each Decade Counter 

Dual Counters Can Significantly Improve 
System Densities as Package Count Can 
Be Reduced by 50% 



SN54490 ... J OR W PACKAGE 

SN74490 ... J OR N PACKAGE 

(TOP VIEW) 



Maximum Count Frequency . 
Typical 



35 MHz 



Buffered Outputs Reduce Possibility of 
Collector Commutation 



description 



2QA 
OUT- 
VCC CLOCK CLEAR PUT 



OUTPUTS 



20.B 20c 20.D 



J^TJlTLRJliU^^ 



Qa 

CLEAR 



QC °D 
SET-TO-9 



CLEAR 
QA 



SET-TO-9 
QC Op 



Q 



■"LittiJ-liHiJ-liJ-liJIittil 



CLOCK CLEAR 



1Q A 
OUT- 
PUT 



10b IOC 1QD , GND 



positive logic: High input to clear resets all four outputs low; 
high input to set-to-9 sets Qa and Qq high, Qq 
and O-c low. 



Each of these monolithic circuits contains eight 
master-slave flip-flops and additional gating to imple- 
ment two individual 4-bit decade counters in a single 
package. Each decade counter has individual clock, 

clear, and set-to-9 inputs. BCD count sequences of any length up to divide-by-100 may be implemented with a single 
'490or 'LS490. Buffering on each output is provided to ensure that susceptibility to collector cummutation is 
reduced significantly. All inputs are diode-clamped to reduce the effects of line ringing. The counters have 
parallel outputs from each counter stage so that submultiples of the input count frequency are available for system 
timing signals. 

The SN54490 and SN54LS490 are characterized for operation over the full military temperature range of -55°C to 
125°C; the SN74490 and SN74LS490 are characterized for use in industrial systems operating from 0°C to 70° C. 



BCD COUNT SEQUENCE 
(EACH COUNTER) 



COUNT 


OUTPUT 


Q D Q C Q B Qa 





L L L L 


1 


L L L H 


2 


L L H L 


3 


L L H H 


4 


L .H L L 


5 


L H L H 


6 


L H H L 


7 


L H H H 


8 


H L L L 


9 


H L L H 



CLEAR/SET-TO-9 
FUNCTION TABLE 
(EACH COUNTER) 



INPUTS 


OUTPUTS 


CLEAR SET-TO-9 


Qa °b °c q d 


H L 
L H 
L L 


L L L L 

H L L H 

COUNT 



H = high level, L = low level 
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schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 

v c c- 




INPUT Req MOM 

CLOCK 3k!I 

CLEAR, SET-TO-9 8 kSI 



TYPICAL OF ALL OUTPUTS 

■ v C c 




EQUIVALENT OF EACH 
CLOCK INPUT 



EQUIVALENT OF EACH 
CLEAR AND SET-TO-NINE INPUT 



nput — ■ J ) i a 



TYPICAL OF ALL OUTPUTS 
•— v C c 




functional block diagram (each counter) 



■TO-9 


H> ■- 




i 
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TYPES SN54490, SN74490 
DUAL 4-BIT DECADE COUNTERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc ( see Note 1) 7 V 

Input voltage 5.5 V 

Operating free-air temperature range: SN54490 — 55°Cto125°C 

SN74490 0°Cto70°C 

Storage temperature range — 65°Cto 150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 



recommended operating conditions 





SN54490 


SN74490 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, Ioh 


-800 


-800 


ma 


Low-level output current, IrjL 


16 


16 


mA 


Count frequency, f CO unt 


25 


25 


MHz 


Pulse width, t w (any input) 


20 


20 


ns 


Clear or set-to-9 inactive-state setup time, t su 


25 i 


25; 


ns 


Operating free-air temperature, T^ 


-55 125 


70 


°C 



4.The arrow indicates that the falling edge of the clock pulse is used for reference. 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN 


TYPt 


MAX 


UNIT 


V|H High-level input voltage 




2 


V 


V|[_ Low-level input voltage 




0.8 


V 


V|K Input clamp voltage 


Vcc=MIN, l| = -12mA 


-1.5 


V 


Vqh High-level output voltage 


V CC = MIN, V| H = 2V, 
V iL = 0.8V, I oh = -800ajA 


2.4 


3.4 




V 


Vol Low-level output voltage 


V C c = MIN, V|H = 2V, 
V| L = 0.8V l L = 16mA 




0.2 


0.4 


V 


l| Input current at maximum input voltage 


V CC = MAX, V| = 5.5 V 


1 


mA 


1 1 1 — | High-level input current 


Clear, set-to-9 


V CC = MAX, V| = 2.4 V 


40 


uA 


Clock 


80 


l|L Low-level input current 


Clear, set-to-9 


V C c = MAX, V| = 0.4V 


-1 


mA 


Clock 


-3.2 


'OS Short-circuit output current § 


V CC = MAX 


SN 54490 


-20 




-57 


mA 


SN 74490 


-18 




-57 


'CC Supply current 


Vcc = MAX . See Note 2 




45 


70 


mA 



tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
^ All typical values are at V cc = 5 V, T A = 25°C. 
5 Not more than one output should be shorted at a time. 

NOTE 2: Iqq is measured with all outputs open, both clear inputs grounded following momentary connection to 4.5 V, and all other inputs 
grounded. 
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switching characteristics, VfJC = 5 V, Ta = 25° C 



parameterU 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


f max 


Clock 


Qa 


C L =15pF, R L = 400n, 
See Figure 1 and Note 3 


25 35 


MHz 


tPLH 


Clock 


Qa 


12 


20 


ns 


tPHL 


13 


20 


tPLH 


Clock 


Qb-Qd 


24 


39 


ns 


tPHL 


26 


39 


tPLH 


Clock 


Qc 


32 


54 


ns 


tPHL 


36 


54 


tPHL 


Clear 


Any 


24 


39 


ns 


tPLH 


Set-to-9 


Qa.Q d 


24 


39 


ns 


tPHL 


Qb.O-c 


20 


36 



*PLH = propagation delay time, low-to-high-level output 
*PHL — propagation delay time, high-to-low-level output 
NOTE 3: Load circuit is shown on page 3-10. 



SET-TO-9 
INPUT 



JC1.5V 1-1.5V 

-A A_ 



/1.5 V + 1 



4 ►(— 'PHL 




/ 



-<w(clock)-»1 



♦(— »PL 
J|r 1.5 V TT-1-5V 



|* M_ tp L H-Measure 

, att n+1 * M- tPHL-Measur* 

\r-H 1 — VI 



tpLH-Measure — 14 H 

at t n+2 I |W^ 

-*$ r— ' 



v 0L 

tPHL - Measure 
at t n +4 



tp LH -Measure at t n+8 




tpi_H — Measui 

a,, n+4 | |/— if 

I 



*|_ t PH (.-Measure at t n+8 



t PHL -Measure at t n+ i 



VOLTAGE WAVEFORMS 

NOTES: A. Input pulses are supplied by a generator having the following characteristics: t r < 5 ns, tf < 5 ns, PRR = 1 MHz, duty cycle 
= 50%, Z n . n » 50 ohms. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc < see Note 1 ) 7 V 

Clear and set-to-9 input voltage 7 V 

Clock input voltage 5.5 V 

Operating free-air temperature range: SN54LS490 -55°Cto125°C 

SN74LS490 0°C to 70° C 

Storage temperature range -65°Cto150°C 

NOTE 1 : Voltage values are with respect to network ground terminal. 



recommended operating conditions 





SN54LS490 


SN74LS490 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vrjc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, Iqh 


-400 


-400 


MA 


Low-level output current, Iol 


4 


8 


mA 


Count frequency, f C ount 


25 


25 


MHz 


Pulse width, t w (any input) 


20 


20 


ns 


Clear or set-to-9 inactive-state setup time, t su 


251 


25i 


ns 


Operating free-air temperature, T^ 


-55 125 


70 


°C 



J.The arrow indicates that the falling edge of the clock pulse is used for reference. 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS* 


SN54LS490 


SN74LS490 


UNIT 


MIN TYP* 


MAX 


MIN TYPt 


MAX 


V|H 


High-level input voltage 




2 


2 


V 


V| L 


Low-level input voltage 




0.7 


0.8 


V 


V|K 


Input clamp voltage 


Vcc = MIN, 'l = - 1 m A 


-1.5 


-1.5 


V 


V H 


High-level output voltage 


Vcc = MIN, V IH = 2V, 
V|L = V||_max 


2.5 3.4 


2.7 3.4 


V 


vol 


Low-level output voltage 


Vcc = MIN, 
V m = 2V, 
V||_ = V||_max 


Iq[_ =4 mA 


0.25 


0.4 


0.25 


6.4 


V 


lOL = 8 mA 




0.35 


0.5 


Input current at 
l| 

maximum input voltage 


Clear, 
set-to-9 


V C c = MAX, 


V| = 7 V 


0.1 


0.1 


mA 


Clock 


V| = 5.5 V 


0.2 


0.2 


l|H 


High-level input current 


Clear, 
set-to-9 


V C c = MAX, v l = 2.7 V 


20 


20 


MA 


Clock 


40 


40 


hL 


Low-level input current 


Clear, 
set-to-9 


V C c = MAX, V| = 0.4V 


-0.4 


-0.4 


mA 


Clock 


-1.6 


-1.6 


I OS 


Short-circuit output current? 


Vcc = M AX 


-20 


-100 


-20 


-100 


mA 


!CC 


Supply current 


Vcc = M AX, See Note 2 


15 


26 


15 


26 


mA 



*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
JAM typical values are at V cc = 5 V, T A = 25°C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 2: Iqq is measured with all outputs open, both clear inputs grounded following momentary connection to 4.5 V, and ; 
grounded. 
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TYPES SN54LS490. SN74LS490 
DUAL 4-BIT DECADE COUNTERS 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETERU 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


fmax 


Clock 


Qa 


C L = 15pF, R L = 2kf2 
See Figure 2 and Note 4 


25 35 


MHz 


tPLH 


Clock 


Qa 


12 20 


ns 


tPHL 


13 20 


tPLH 


Clock 


Qb-Q d 


24 39 


ns 


tPHL 


26 39 


tPLH 


Clock 


Q-c 


32 54 


ns 


tPHL 


36 54 


tPHL 


Clear 


Any 


24 39 


ns 


tPLH 


Set-to-9 


Qa-Q d 


24 39 


ns 


tPHL 


Q B ,Qc 


20 36 



"max = maximum count frequency 
tpi_n = propagation delay time, low-to-high-level output 
*PH L — propagation delay time, high-to-low-level output 
NOTE 4: Load circuit is shown on page 3-1 1. 



jF~\ 




OUTPUT Qq 



VOLTAGE WAVEFORMS 

NOTES: A. Input pulses are supplied by a generator having the following characteristics: t r < 15 ns, tf < 6 ns, PRR = 1 MHz, duty cycle 
= 50%, Z out « 50 ohms. 
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TYPES SN54LS670, SN74LS670 
4-BY4 REGISTER FILES WITH 3-STATE OUTPUTS 

BULLETIN NO. DL-S 7612122, MARCH 1974-REVISED OCTOBER 1976 



Separate Read/Write Addressing Permits 
Simultaneous Reading and Writing 

Fast Access Times . . . Typically 20 ns 

Organized as 4 Words of 4 Bits 

Expandable to 512 Words of n-Bits 

For Use as: 
Scratch -Pad Memory 
Buffer Storage between Processors 
Bit Storage in Fast Multiplication Designs 

3-State Outputs 

SN54LS170 and SN74LS170 Are Similar 
But Have Open-Collector Outputs 



SN54LS670 ... J OR W PACKAGE 
SN74LS670 ... J OR N PACKAGE 
(TOP VIEW) 



description 



DATA 



WRITE SELECT ENABLE 



W n " WRITE READ^I QT 



16 . 15 _ 14 . 13 . 12 . 11 . M . 9 



O 



D3 D4 Ro R» Q4 Q3 



1 2 3 



5 6 



"b "A~ - Q4 Q3 / GND 
READ SELECT OUTPUTS 



positive logic: see description 



The SN54LS670 and SN74LS670 MSI 16-bit TTL register files incorporate the equivalent of 98 gates. The register file 
is organized as 4 words of 4 bits each and separate on-chip decoding is provided for addressing the four word locations 
to either write-in or retrieve data. This permits simultaneous writing into one location and reading from another word 
location. 

Four data inputs are available which are used to supply the 4-bit word to be stored. Location of the word is determined 
by the write-address inputs A and B in conjunction with a write-enable signal. Data applied at the inputs should be in its 
true form. That is, if a high-level signal is desired from the output, a high-level is applied at the data input for that 
particular bit location. The latch inputs are arranged so that new data will be accepted only if both internal address gate 
inputs are high. When this condition exists, data at the D input is transferred to the latch output. When the write-enable 
input, Gyv, is high, the data inputs are inhibited and their levels can cause no change in the information stored in the 
internal latches. When the read-enable input, Gr, is high, the data outputs are inhibited and go into the high-impedance 
state. 

The individual address lines permit direct acquisition of data stored in any four of the latches. Four individual decoding 
aates are used to complete the address for reading a word. When the read address is made in conjunction with the 
read-enable signal, the word appears at the four outputs. 

This arrangement— data-entry addressing separate from data-read addressing and individual sense line-eliminates 
recovery times, permits simultaneous reading and writing, and is limited in speed only by the write time 
(27 nanoseconds typical) and the read time (24 nanoseconds typical). The register file has a nondestructive readout in 
that data is not lost when addressed. 

All inputs except read enable and write enable are buffered to lower the drive requirements to one Series 54LS/74LS 
standard load, and input-clamping diodes minimize switching transients to simplify system design. High-speed, 
double-ended AN DOR-INVERT gates are employed for the read-address function and have high-sink-current, 
three-state outputs. Up to 12L of these outputs may be wire-AND connected for increasing the capacity up to 512 
words. Any number of these registers may be paralleled to provide n-bit word length. 

The SN54LS670 characterized for operation over the full military temperature range of -55°C to 125°C; the 
SN74LS670 is characterized for operation from 0°C to 70°C. 
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TYPES SN54LS670. SN74LS670 
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 



REVISED OCTOBER 1976 



logic 



WRITE FUNCTION TABLE (SEE NOTES A, B, AND C) 



READ FUNCTION TABLE (SEE NOTES A AND D) 



WRITE INPUTS 


WORD 


W B W A Gw 





1 2 


3 


L L L 


Q=D 


QO Q 


Qo 


L H L 


Qo 


Q = D Q 


Qo 


H L L 


Qo 


Q Q = D 


Qo 


H H L 


Qo 


Qo Qo 


Q=D 


X X H 


Qo 


Qo Qo 


Qo 



READ INPUTS 


OUTPUTS 


R B Ra Gr 


Q1 


Q2 Q3 


Q4 


L L L 


WOB1 


W0B2 W0B3 


W0B4 


L H L 


W1B1 


W1B2 W1B3 


W1B4 


H L L 


W2B1 


W2B2 W2B3 


W2B4 


H H L 


W3B1 


W3B2 W3B3 


W3B4 


X X H 


Z 


z z 


Z 



NOTES: A. H = high level, L = low level, X = irrelevant, 2 = high impedance (off) 

B. (Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs. 

C. Qg = the level of Q before the indicated input conditions were established. 

D. WOB1 = The first bit of word 0, etc. 



functional block diagram 



f „ <15) |N 




WRITE INPUT 
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TYPES SN54LS670, SN74LS670 

4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 



schematics of inputs and outputs 



EQUIVALENT OF EACH INPUT 



* 



t 



Any D, R, or W: R e 



! = 20 kQ. NOM 
! = 6.67 kfj NOM 
, = 10 kfi NOM 



TYPICAL OF ALL OUTPUTS 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc (se e Note 1) 7 V 

Input voltage ? v 

Of f-state output voltage ■ ■ 5.5 V 

Operating free-air temperature range: SN54LS670 -55 C to 125 C 

SN74LS670 0°C to 70°C 



Storage temperature range 



-65 Cto 150 C 



recommended operating conditions 







SN54LS670 


SN74LS670 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vqc 


4.5 5 5.5 


4.75 5 5.25 


V 


High-level output current, IrjH 


-1 


-2.6 


mA 


Low-level output current, IfjL 


4 


8 


mA 


Width of write-enable or read-enable pulse, t w 


25 


25 


ns 


Setup times, high- or low-level data 
(see Figure 2) 


Data input with respect to 
write enable, t su (p) 


10 


10 


ns 


Write select with respect to 
write enable, t su (w) 


15 


15 


ns 

I 


Hold times, high- or low-level data 
(see Note 2 and Figure 2) 


Data input with respect to 
write enable, t n (w) 


15 


15 


ns 


Write select with respect to 
write enable, t n (o) 


5 


5 


ns 


Latch time for new data, t| atc h (see Note 3) 


25 


25 


ns 


Operating free-air temperature range, Ta 


-55 125 


70 


°C 



Voltage values are with respect to network ground terminal. 

Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is not 

required, tgufW) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and during t h ( W ) 

will result in data being written into that location. Depending on the duration of the input conditions, one or a number of 

previous addresses may have been written into. 

Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is important 

only when attempting to read from a location immediately after that location has received new data. 
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TYPES SN54LS670, SN74LS670 
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REVISED OCTOBER 1976 



electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 



PARAMETER 








SN54LS670 


SN74LS670 


UNIT 




MIN TYP* MAX 


MIN TYPt MAX 


V|H High-level input voltage 




2 


2 


V 


V||_ Low-level input voltage 




0.7 


0.8 


V 


V|k Input clamp voltage 


V CC =MIN, l| = -18mA 


-1.5 


-1.5 


V 


VOH High-level output voltage 


V CC = MIN, V| H = 2V, 
V|i_ = V||_ max 


'OH = -1 mA 


2.4 3.4 




V 


I OH = -2.6 mA 




2.4 3.1 


Vol Low-level output voltage 


Vqc = MIN, V IH = 2V, 
V|l = V|i_ max 


Iql = 4 mA 


0.25 0.4 


0.25 0.4 


V 


Iql = 8 mA 




0.35 0.5 


Off-state output current, 
high-level voltage applied 


V C c = MAX, V IH = 2V . V = 2.7V 


20 


20 


MA 


Off-state output current, 

'OZL 

low-level voltage applied 


V C c = MAX, V| H =2V, V = 0.4V 


-20 


-20 


mA 


Input current at 

•l 

maximum input voltage 


V C c = M AX, 
V| = 7 V 


An" n d or wy 


1 


1 


mA 


G W 


0.2 


0.2 


Gr 


0.3 


0.3 


jiu High-level input current 


V C c = MAX, 
V| -2.7 V 


Any D, R, orW 


20 


20 


,uA 


Gyw 


40 


40 


GR 


60 


60 


1 1 1_ Low-level input current 


V C c = MAX 


Any D, R, or W 


-0.4 


-0.4 


mA 


G w 


-0.8 


-0.8 


Gr 


-1.2 


-1.2 


'OS Short-circuit output current! 


V C c = MAX 


-30 -130 


-30 -130 


mA 


IfjC Supply current 


V C c = MAX, See Note 4 


30 50 


30 50 


mA 



T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAII typical values are at V^q = 5 V, T^ = 25° C. 

§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

NOTE 4: Maximum Iqq is guaranteed for the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, all 
address inputs are grounded and all outputs are open. 



switching characteristics, Vcc = 5 V, Ta = 25° C 



PARAMETER^! 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


tPLH 


Read select 


Any Q 


Ci_=15pF, R L = 2kn, 
See Figures 1 and 2 


23 40 


ns 


tPHL 


25 45 


*PLH 


Write enable 


Any Q 


CL=15pF, R L = 2kn, 
See Figures 1 and 3 


26 45 


ns 


tPHL 


28 50 


tPLH 


Data 


Any Q 


25 45 


ns 


tPHL 


23 40 


tZH 


Read enable 


AnyQ 


C|_ = 5pF, R|_ = 2kft, 
See Figures 1 and 4 


15 35 


ns 


tZL 


22 40 


tHZ 


30 50 


ns 


tLZ 


16 35 



iitPLH — propagation delay time, low-to-high-level output 
tp|_|i_ = propagation delay time, high-to-low-level output 
^H — output enable time to high level 
t£|_ = output enable time to low level 
*HZ — output disable time from high level 
tLz — output disable time from low level 
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TYPES SN54LS670, SN74LS670 

4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 



PARAMETER MEASUREMENT INFORMATION 



TEST 
POINT 



FROM OUTPUT 
UNDER TEST 



C|_ 

(See Note A| 



NOTES: A. C|_ includes probe and jig capacitance. 
B. All diodesare 1N916 or 1N3064. 



VCC 



R|_ 






5 kU Jj I 



V 

j>s: 



LOAD CIRCUIT 
FIGURE 1 



WRITE-SELECT 
INPUT W A or W B 
(See Note A) 



DAT£ INPUT 
D1, D2, D3, or D4 
(See Note A) 



WRITE-ENABLE 
INPUT G w 



READ-SELECT 
INPUT R A or R B 
(See Note B) 



OUTPUT 
0.1,0.2, 0.3, orQ4 



3V 

JL1.3V \ 13V 

__/| \ °v 

— ►) h — l su(W) I 

I — J ^^ 3 V 

I \l.3V' /l.3V 

I \ I / OV 

I I h — M— t SU (D> 

| U W-t h (D) 

i ^_ tw _ H 3V 

\1.3V / 1 - 3V 

IN L ov 

(-• *latch »| 

, 3V 

+ 1.3V T 1,3V 
/ ,\ ov 

I I 

! k*PLH*j 

^ 7! \j V H 

\l.3V +1.3V 

A L v 0L 



VOLTAGE WAVEFORMS (SI AND S2 ARE CLOSED) 



NOTES: A. High-level input pulses at the select and data inputs are illustrated; however, times associated with low-level pulses are measured 
from the same reference points. 

B. When measuring delay times from a read-select input, the read-enable input is low. 

C. Input waveforms are supplied by generators having the following characteristics: PRR < 2 MHz, Z out « 50 fi, duty cycle < 50%, 
t, < 15 ns, t r < 6 ns. 

FIGURE 2 
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TYPES SN54LS670, SN74LS670 
4-BY4 REGISTER FILES WITH 3-STATE OUTPUTS 



PARAMETER MEASUREMENT INFORMATION 



DATA INPUT 
D1, D2, D3, or D4 



WRITE-ENABLE 
INPUT G w 



OUTPUT 
Q1,Q2, Q3,orQ4 



DATA INPUT 
D1,D2, D3,orD4 



WRITE-ENABLE 
INPUT G w 



OU iPU i 
Q1,Q2, Q3, orQ4 



|*-tPLH-^ 



»— tPHL-^ 



VOLTAGE WAVEFORM 1 (SI AND S2 ARE CLOSED) 



1T UV 



L 



f 



H "T-tpHL 



Ai 



H-tPLH 



-Vl.3V 

_x_ 



ov 

3V 

OV 
V H 

vol 



— ov 

— 3V 



OV 
3V 



OV 



VOLTAGE WAVEFORM 2 (SI AND S2 ARE CLOSED) 

NOTES: A. Each select address is tested. Prior to the start of each of the above tests both write and read address inputs are stabilized with 
W/\ = Ra and Wg = Rg. During the test Gr is low. 
B. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, 2 out «* 50 SI, duty cycle < 50%, 
t r < 1 5 ns, t r < 6 ns. 

FIGURE 3 




WAVEFORM 1 
(See Note A) 



WAVEFORM 2 
(See Note A) 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 

NOTES: A. Waveforms 1 is for an output with internal conditions such that the output is low except when disabled by the read-enable input. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the read-enable input. 

B. When measuring delay times from the read-enable input, both read-select inputs have been established at steady states. 

C. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Z out « 50 £2, duty cycle < 50%, 



t r < 1 5 ns, t r < 6 ns. 



FIGURE 4 
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